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T H E O R E T I C A L 
During the last few years there has been a revival 
of interest in the chemistry, biogenesis and physiological 
studies of flavonoids. The term 'flavonoid' covers a large 
group of naturally occurring compounds in which two benzene 
rings are linked by a propane bridge ( Cg-C-C-C-Cg except 
<?6 
in the isoflavones in which the arrangement is G^-C-C-G). 
The flavonoids include chalcones, dihydrochalcones, 
aurones, flavanones, flavones, flavanonols, flavonols, 
flavan-3, 4-diols ( leucoanthocyanidins),anthocyanidins, 
proanthocyanins and catechins. Recent addition to this 
class is biflavonoids. The biflavonoids are derived 
from two flavone or flavanone or flavanone-flavone units 
and with a few exceptions are mainly restricted to the 
leaves of gymnosperms. 
The naturally occurring biflavonyl compounds may be 
classified into two main groups 
A. C-C linked biflavonyls 
B. C-O-C linked biflavonyls. 
The C-C linked biflavonyls may be further divided 
Type : 
These are derived from apigenin with C3'-C8" linkage & 
are represented by amentoflavoni as the parent compound. 
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There are eleven partial methyl ethers of this series 
known to-date. 
I 
E R' R" R" ' 
(a) Amentoflavone H H H H 
(b) Sotetsuflavone H H Me H 
(c) Bilobtin H Me H H 
(d) Sequoiaflavone He H H H 
(e) Podocarpusflavone A H H H Me 
(f) Podocarpusflavone B Me H H Me 
( s ) Isoginkgetin H Me H Me 
00 Ginkgetin Me Me H H 
(i) Kayaflavone H Me Me Me 
(d) Sciadopitysin Me Me H Me 
00 Heveaflavone Me H Me Me 
(1) 4-',4" \ 7,7"-Tetra-0- Me Me Me Me 
methyl amentoflavone 
-3-
A2 Type: 
These are derived from apigenin but with 08-08" 
linkage. This class of biflavones is represented by 
2 
four members. Cupressuflavone is the parent compound 
while the other three are its partial methyl ethers. 
R R' R" R" • 
(a) Cupressuflavone H H H H 
(b) 7-O-Methyl cupressu- Me H H H 
flavone 
(c) 7,7"-Di-0-methyl Me H Me H 
cupressuflavone 
(d) 4',4"7,7"-®etra-0- Me Me Me Me 
methyl cupressuflavone 
<k 
A3 Type: 
These are derived from two apigenin units with 
06-08" linkage. This class of compounds has been 
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recognised very recently and comprises of three partial 
methyl ethers? The parent compound has not been reported 
so far. 
Ill 
R R' R" R"' 
(a) Agathisflavone A. 
(b) Agathisflavone B 
Me H H H 
Me H H Me 
(c) 7,7"-Di-O-methy1 Me H Me H 
agathi sflavone 
This class comprises of fully or partially reduced 
heterocyclic systems. Seven members are known to-date. 
Four members of GB series^ are derived from naringenin 
linked with naringenin or aromadendrin< or taxifolin 
through C3-C8" linkage. 
R' R" 
(a) GB-1 
(b) GB-la 
(c) GB-2 
(d) GB-2a 
OH 
H 
H 
OH 
H 
H 
OH 
OH 
Pelter^ has proposed an alternative structure for 
the above series. According to him the linkage should 
be C2-C8M ( i.e. isoflavanone-flavanone). 
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R' R" 
(a) GB-1 OH H 
(b) GB-la H H 
(c) GB-2 H OH 
(d) GB-2 a OH OH 
The remaining three members are derived from 
6 - 8 flavanone-flavone units linked through 03-08". 
VI 
(a) Morelloflavone ( BGH-II ) R = OH 
(b) BGH-III R « H 
(c) 3"'-O-Methyl fukugetin R = OMe 
Whereas morelloflavone is optically' inactive, its 
optically active form has been isolated from Garcinia 
spicata very recently. The optically active form has been 
Q named 1fukuget in'. 
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B Type : 
Seven natural biphenyl ether type biflavonyls have 
been reported so far. These include hinokiflavone as the 
parent compound? The remaining six are its partial methyl 
ethers. They involve CV-O-CS" linkage between two apigenin 
units. 
OH 0 
VII 
R R' R" 
(a) Hinokiflavone H H H 
(b) Cryptomerin A H H Me 
(c) Isocryptomerin H Me H 
(d) Neocryptomerin Me H H 
(e) Cryptomerin B H Me Me 
(f) Chamaecyparin Me H Me 
(g) 7,7"-Tri-O-methy1 Me Me Me 
hinokiflavone 
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STRUCTURE DETERMINATION OP BIFLAVONOIDS: 
The problem of structure determination of biflavonoids 
is a complex one because of (a) inherent difficulties 
experienced in their isolation in pure and crystalline 
forms (b) insolubility in the usual organic solvents and 
(c) the intricate problem of establishing the interfla-
vonyl linkage. 
The various methods generally used for structure 
determination may be classified as under:-
1. Colour reactions 
2. Physical Methods 
3. Degradation 
4. Synthesis. 
1. COLOUR REACTIONS : 
A number of colour reactions are reported in lite-
rature for detecting certain structural features among 
flavonoids. As the colour depends upon the pattern of 
hydroxylation and substitution, the diagnostic value of 
colours is only a broad indication. Biflavonoids are found 
to give more or less the same colour reactions as monomers. 
The reagents generally used for colour reactions are magne-
sium-hydrochloric acid10, sodium amalgam-hydrochloric acid11, 
12 13 Wilson boric acid and zinc-hydrochloric acid. 
- 9 -
2. PHYSICAL METHODS: 
Chromatographic and spectral methods ( i.e. IR, UV, 
M R and mass spectrometry ) have been applied in the 
identification and structural analysis of plant pigments. 
They provide an excellent tool in the hands of organic 
chemist for elucidation of structure of even minor compounds. 
CHROMATOGRAPHIC METHODS: 
A number of papers and review articles have appeared 
on the separation and identification of flavonoid pigments 
especially by paper chromatography in aqueous and alcoholic 
solvent systems. Recently extensive thin layer chromato-
graphic studies of biflavonyls, their partial and fully 
methylated derivatives have been carried out in our labo-
ratories}4 Benzene: pyridine: formic #cid (56:9 :5) and 
benzene:pyridine:ethyl formate:dioxan ( 5:1:2:2 ) have 
been found as the most satisfactory developing solvent 
systems both for qualitative as well as quantitative 
purposes. The use of diazotized sulphanilic acid as a 
chromogenic reagent makes it possible to guess the appro-
ximate extent of methylation in a series. Further it has 
been possible to detect and provisionally identify fully 
methylated derivatives of different series by their Rj, values 
and characteristic shades in UV light. Structural-chroma-
14-tographic behaviour correlations have also been discussed. 
- 1 0 - -
ULTRAVIOLET SPECTROSCOPY: 
The position of maximal absorption of biphenyl 
type biflavones belonging to amentoflavone, agathisflavone, 
cupressuflavone and their derivatives are very similar to 
that of apigenin and its derivatives, with the only 
difference that the molecular extinction coefficients of 
biflavones are approximately double as compared to the 
corresponding monomers. This demonstrates the presence 
of two isolated chromophores of flavonoid&f per molecule of 
biflavonyls. The effects of the diagnostic reagents such 
as. N/50 NaOEt, N/500 NaOEt, N/5000 NaOEt, NaOAc and AlCl^ 
on the spectra of biflavonyls are similar to those in 
monomers. The difference in activity of hydroxyl groups 
may arise due to steric factors. These differences have 
been well exploited by Baker et al1^ in assignment of 
methoxy groups in isoginkgetin and ginkgetin, kayaflavone 
and sciadopitysin etc.. 
NUCLEAR MAGNETIC RESONANCE SPECTROSCOPY: 
The application of NMR spectroscopy has proved to 
be the most powerful tool in structure determination of 
flavonoids. It has been possible now to determine the 
structures of flavonoids occurring even in minor quantities 
solely on the basis of NMR studies without tedious and 
time consuming chemical degradation and synthesis. 
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The observations and interpretations of spin-spin 
splitting are the means by which the sequence of groups 
in molecules is established by MR. However, the process 
of establishing sequence of groups in molecules even on 
high resolution M R frequently fails, because, while it 
may be possible to observe a discrete multiplet from one 
group of protons it may be impossible to recognise the 
absorptions of protons to which -this group is coupled, 
since they may be obscured by absorptions of other protons 
in the molecule. An ancillary technique known as spin-
decoupling, double resonance or multiple resonance often 
helps to overcome this difficulty. By the help of double 
irradiation technique it has been possible to assign each 
and every proton in biflavonyls. The recent technique 
of preparing silyl derivative^a,t>for M R studies has not 
only overcome solubility problem but also has contributed 
towards the simplification of spectra. 
The valuable contributions in the field are by 
^ /• -I n *i n 
Batterham and Highet , Mabry et al ', Massicot et al , 
19 9 Clark-Lewis et al and Kawano et al . In flavonoids the 
chemical shifts of the protons of rings A and B prove to 
be independent of each other but are affected by the 
nature of ring C . The peaks arising from ring A in 
most flavonoids occur upfield from other peaks and are 
- 1 2 - -
recognised. Of the substitution patterns encountered in 
the ring A of naturally occurring flavonoids, the 5»7-
dihydroxy or phloroglucinol residue is by far the most 
common. In flavanones the 6,8-protons give a single peak 
near T 4.05; with the addition of a 3-hydroxy group 
(flavanonols) the chemical shifts of these protons are 
slightly altered and the pattern changes to a very strongly 
coupled pair of doublets. $he presence of the double bond 
in ring C of flavones and flavonols causes a marked 
downfield shift of these peaks, again producing the two 
doublet pattern. Out of 6-^and 8-protons, the latter 
appears downfield. 
The signals from the aromatic protons of an unsubs-
tituted B ring in a flavanone appear as a broad peak 
centered at about t2.55« In flavones, the presence of 
C ring double bond causes a shift of the 21, 6* protons 
and the spectrum shows two broad peaks, one centered at 
T 2.00 (2' ,6' ) and the othsr at T 2,4 ( 3' A 1 )• 
With the introduction of a 4'-hydroxy1 group, the 
- 1 3 -
B ring protons appear effectively as a four peak pattern. 
The OH group increases the shielding on the adjacent 
3'»5' protons and their peaks move substantially upfield. 
The 2',6' protons of flavanones give signals centered at 
about T 2.65. Introduction of the 2,3 double bond (flavones 
and flavonols.) again causes these protons to resonate at 
much lowerfield. Such type of pattern is called k^Z 
pattern. Introduction of one more substituent to ring B 
gives the normal ABC pattern. 
In the spectra of flavones and isoflavones of normal 
structure the olefinic protons give rise to signals near 
-R 3*2 and T 1.7 respectiveljr. It has been observed 
that the position of these olefinic peaks also depends 
upon the substitution of the A and B rings, the electron 
donating groups causing upfield shifts and electron with-
drawing groups causing downfield shifts. 
The spectra of flavanones ( saturated heterocyclic 
ring) contain typical ABX multiplets arising from the 
2-proton and the two 3-protons. 2-proton is generally 
a double doublet near t 4.5, the precise position depen-
ding on the substitution of ring B, while the protons at 
the 3-position give rise to a multiplet of eight lines 
near t 7.0. 3-hydroxyflavanones give rise to a AB 
quartet in the region T 4.4-5.6 with a characteristic 
coupling constant of 12 cps. 
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The relative stereochemistry of 3-substituted 
flavanones can usually be established from a consideration 
of vicinal coupling constants and the "KAHPLUS" equation". 
In all cases, the heterocyclic ring appears to adopt the 
chair or half chair conformation in which 2-aryl substi-
tuent is quasi-equatorial. 
18 
Massicot and Marthe , analysing the ABX spectrum 
of heterocyclic ring protons of 6,7-dimethoxy flavanone, 
have shown the two vicinal coupling constants to be 13.5 
and 3«2 cps. The former is clearly a diaxial interaction, 
thus establishing the equatorial character of 2-aryl 
group in flavanones. All 3-b.ydroxy and 3-acetoxy 
flavanones, which have been examined, exhibit vicinal 
coupling constants 12 cps and were therefore assigned the 
trans ( diequatorial) configuration, although in the case 
of naturally occurring compounds the possibility of'epime-
rization can not be excluded. 
The proton of a 5-kydroxyl group next to a C-4 car-
bonyl of a flavonoid gives rise to a sharp signal at a 
very lowfield consistent with the strong hydrogen bonding 
between the two groups. 
Methylation of a hydroxyl group commonly produces an 
upfield shift o'.2 ppm) of the signals of ortho protons 
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with a somewhat smaller effects on those of para protons 
and little or no effect on the meta protons. Acetylation 
of the hydroxy1 group, as expected, causes downfield 
shift of the ring protons. 
In amentoflavone, agathisflavone and cupressuflavone 
series, the biphenyl type of biflavones, the peaks of 
ring protons involved in interflavonyl linkage appear at 
somewhat lowerfield 0.5 ppm) ( as compared to peaks 
of the same protons in monomer) due to extended conju-
gation. 
It has been observed both in biphenyl as well as 
biphenyl ether type series of biflavonyls that the 
5-methoxyl group in C8-C8" linked biflavones or in 8-linked 
monoflavonoid unit of a biflavone shows up below T 6.0 
in deuterochloroform^ ( Table I ). 
T A B L E - I 
Biflavonoids 5-OMe 5"-0Me 
1. Cupressuflavone hexamethyl ether 
2. Amentoflavone hexamethyl ether 
5. Agathisflavone hexamethyl ether 
4. Hinokiflavone pentamethyl ether 
(C4'-0-C8" ) 
5. Hinokiflavone pentamethyl ether 
(C4'-0-C6") 
6. GB 1 heptamethyl ether 
?.'Fukugetin (Morelloflavone)-
heptamethyl ether 
-r 5.85 
T 6.13 
T 6.41 
-r 6.00 
t5.85 
T5.94 
t5.95 
T5.92 
"i" 6.06 T6.09 
ab over 6.04 
abover6.07 
- 1 6 - -
This observation may be explained on the basis of 
extended conjugation in the first four compounds. 
The observation of chemical shift of one of the 
methoxy groups of the W-O-Ce" hinokif lavone pentamethyl 
Q 
ether at t 5*92 as reported by Kawano et al^ led us to 
believe that, perhaps, the hinokif lavone must be C4-'-0-C8". 
On "running the NMR spectra 6f C4-'-0-C6" and W - 0 - 0 8 " 
hinokiflavone pentamethyl ethers in pyridine, the solvent 
used by Kawano et al^, it was found that in confirmation 
with previous findings and contrary to our expectations, 
the 5"-methoxy group of CV-0-C6" linked hinokif lavone 
pentamethyl ether shows up at T5.88 ( belowT6.0) and that 
of C4- '-0-C8" linked biflavone above t 6.0. This discre-
pancy was explained by the consideration of influence of 
20 solvent on chemical shift . 
Recently the solvent dependence of methoxy resonances 
induced by benzene ( relative to comparatively inert 
solvent, such as CCl^ or CDCl^) upon electronic, steric 
21-23 and conformational factors has been noted. ^ 
The position and relative orientation of methoxy 
groups in methoxyflavones can be inferred from benzene 
25 
induced solvent shifts of methoxy resonances.^ From the 
consideration of the result in toto•( Chart I ), it is 
apparent that if the local environment ( mainly with regard 
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to immediately adjacent substituents) of a methoxy group 
is defined, the solvent shifts are characteristic of local 
environment, and frequently characteristic of the position 
of the substitution. 
C H A E T - I 
CH3O 
VIM 
C H 3 O OCH3 
0 C H 3 
0 C H 3 
OCH3 0 JL 
5,7.12 
« » 
3-96 3-9 3 87 
I I I 
4.00 
4-00 3.5,7.12 
393 
3 85(3) 
A.00 
3_ 
3.82 
^•0° 3,5,7,9.12 
3-93(3) 
3.883_86 
4.00 
2 
3-84 
CD CI 
5.7.12 _ 3 0 °C6H6 
3-35 3L-29 3-25 
N-i \ 
3-00 
CDCI3 
5,7,12 
300 
C6H6 
3-35 3.27 
1 n 3 - " 
3-00 CDC!3 
11 
3-52 
5,12 7 
3 ' 3 7 ( 2 ) 13.26 
4.00 
300 
C6H6 
3-00 
OCH-; 
CH3O. 
5 3 7 1 0 12 i —r 
3-8A 3 ; 8 2 qq-s ^ //3.80 
OCH3 A.00 
3_ 
3-84 
A.00 
3 .7,12,611 
A.O (3) 
395 3,69 
CH-JO A.00 
6 2 
3-92 i 378 
£.05 
•A. 0 0 
3-7. 8-11 .12 
A.00(3) 
3*92 
A.00 
OCH3 
B 3_ 
3-81 ,3.79 
XIII A.00 
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CDC I3 
3-00 
5,10,12,7 C 5 H 5 
3.37 3-31 3 23 3-17 
300 
C D C I 3 
3- 00 
11 , 12 > 7 
3-56, 3-AO ,3-28 
3.00 
CDCI3 
300 
C6H6 
!1 11 
,3 56 .3.39 
2 
,3-27 
300 
ch3O 
CH3or 
~ 3,5.6,7.11,12 
3-99(3) 
4.04, .3-94 3-90 
OCH3 
4.00 
5 6 
4.12 13-91 
4.00 
j 
3-80 
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CDCI3 
1? 
3- 59 3-43 
3-00 
C6 H6 
325 
3-00 
Methoxy groups at C-5, C-7, C-10, C-12 exhibit large 
positive A values ( A = S CDCl^ - S C6H6 ^ 0.5 to 0.8 ppm) 
in the absence of OMe or OH substituents ortho to these 
groups ( Table II ). 
T A B - L E - II 
A values ( S GDGl^ - S C6H6 ) for C-3, C-5, C-7, C-10 
and. C-12 methoxy resonances in the absence of ortho-
subs tituents. 
Position of OMe Range of A value 
c - 3 - 0 . 0 7 to +0.34 
c - 5 +0.43 to +0.58 
c - 7 +0.53 to +0.76 
c - 10 +0.46 to +0.51 
c - 12 +0.54 to +0.71 
-20 - -
The observation is consistent with the formal ability 
of all these methoxy groups to conjugate with the electron 
withdrawing carbonyl group, '^ his conjugation can lead to 
a decrease in electron density at oxygen atoms of methoxy 
groups in question and so enhance*an association with 
benzene at these electron deficient sites with a resul-
21—23 
tant increased shielding effect. ^ The C-3 methoxy 
resonances are in contrast deshielded or only slightly 
shielded in benzene ( see Table II). This observation 
strongly suggests that the C-3 methoxy group in general 
prefers the conformation indicated in A. In this confor-
mation, phase independent association of benzene with the 
carbonyl group will have deshielding influence on the ' 
C-3 methoxy group?6"28 Since the A values of the C-5 
methoxy group are only slightly smaller in magnitude than 
those for the C-7, C-10 aAd C-12 methoxy groups, it is 
concluded that in the absence of 0-6 substituent, the pre-
ferred conformation for the C-5 methoxy group is as shown 
in B. ( i.e. as distant as possible from the negative end 
of the carbonyl dipole). 
0 
(A) (B ) 
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In contrast, the methoxy groups lacking one ortho 
hydrogen ( i.e. flanked by two ortho methoxy groups or 
one ortho hydroxy and one ortho methoxy function) show 
small positive or negative A values (— +0.13 to -0.12 ppm). 
The reason for the small positive or negative shift is 
probably due to some combination of (i) steric inhibition 
24 
of benzene solvation of the central methoxy group (ii) re-
duction in solvation of the central methoxy group ( rela-
tive to anisole) due to the presence of two ortho electron 21—23 
donating substituents and (iii) solvation of the 
outer methoxy groups, the stereochemistry of benzene 
association being such as to place the central methoxy 
group in a region of deshielding. 
It is emphasized that the steric factors cannot be 
the major influence, since an electron withdrawing subs-
tituent ortho to methoxy function increases the upfield 
23 shift which is observed in benzene.-^  
Since the oxygen atom attached to 0-9 should have 
an effect similar to a hypothetical methoxy substituent 
at the position, it might be anticipated that in 7,8-
dimethoxyflavone, the 0-8'methoxy resonances would suffer 
only a small solvent shift. This supposition is confirmed 
by the data for XIII ( Chart I ). 
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In a similar manner, a methoxy group, which is 
situated such that one neighbouring carbon atom carries 
a hydroxy group and the other a methoxy group, both of 
which can formally conjugate with carbonyl group, has a 
very small positive or negative solvent shift. [ The 
0-6 methoxy of XII exhibits A = + 0.0J ppm ( or A = -0,03 
as an alternative assignment) ( Chart I ) .] 
The solvent shift of a methoxy group at C-5 suffers 
a drastic change in magnitude from a relatively large 
positive value to a small or negative value in the 
presence of a methoxy group at C-6. Such a change is in 
accord' with expectations, since the introduction of an 
ortho methoxy group generally causes an algebric decrease 
in A value ( see data for XIV in c'hart I) and in addition 
a C-6 substituent should lead to a higher population of 
the conformer C in which the methyl of the C-5 functio-
nality lies in close proximity to the negative end of the 
carbonyl dipole ( which is a region of strong deshielding 
26—28 due to benzene association at the carbonyl group). 
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Benzene induced solvent shifts can be enhanced in 
certain cases by the addition of a little trifluoro acetic 
29,30 
acid ( TFA ) to the solution of compound in benzene; 
apparently protonation of certain groups enhances the 
benzene association at these sites. In flavones and 
other compounds this technique helps to distinguish between 
methoxy groups which can conjugate with the carbonyl 
group (XV) and those which cannot conjugate in the ground 
state (XVI). 
Me -ificic^ cft.: * > Me-0=C-C=C-0: 
XV 
Me -0-0-0-0=6' .. » 1 » .. * 
XVI 
The TFA-adaition shifts [A ( benzene/ben^ene-TFA) ] 
for methoxy groups at 0-5, 0-7, 0-2' and 0-4- • in the 
absence of ortho substituents are very small ( Ghart II ). 
Such methoxy groups can conjugate with the carbonyl group 
and will thus become electron deficient; this will reduce 
their basicity. These results correlate with large 
positive benzene induced shifts observed for methoxy 
groups at these positions ( As benzene association is 
always favoured at electron deficient sites)?^ 
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C H A R T - II 
C H 3 0 
C H 3 O 
OCH3 0 
X V I I 
0 C H 3 0 | 
C H 3 
X V I I I 0 
A ( C6H6/C6H6-TPA) A (CHCl^/TFA) OMe Group 
(ppm) (ppm) 
-0.08 to +0.01 -0.35 5 
CH3 -0.24 to -0.22 -0.27 to -0.23 7 
-0.07 -0.18 to -0.14 41 
C H 3 -0.05 to -0.09 
-0.22 to -0.13 
-0.03 to -0.06' 
+0.26 
-0.44 to -0.36 5 
-0.25 to -0.17 7 
4s 
-0.17 to -0.09 { 
XIX 
O C H 3 
+0.34 
0 C H 3 +0.29 to +0.34 
+0.18 to +0.23 
-0.23 
-0.03 to +0.02 
+0.09 
-0.62 to -0.48 5 
-0.29 to -0.15 6 
-0.18 to -0.02 
3 
7 
3 ' 
CH3O. 
+0.43 
+0.03 
+0.21 
+0.11 
-0.02 to +0.08 3 
7 -0.27 to -0.14 
U' 
-0.18 to -0.08 3',5' 
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In contrast, methoxy groups at C-3 or those flanked 
by two ortho methoxy functions ( or by one ortho methoxy 
and one ortho hydroxy functions) show appreciable positive 
addition shifts [ + 0.18 to + 0.45 ppm ( Chart II )] . 
It reflects an increase in the basicity of these methoxy 
groups as these cannot overlap or conjugate with the 
carbonyl group in the ground state. 
On change of solvent from deuterochloroform to TFA, 
a C-5 methoxy group shows a relatively large solvent 
shift[A (S CDCl^- S TFA ) = -0.36 to - 0.44 ppmJ 
which distinguishes it from the methoxy groups at other 
sites ( e.g. C-7, C-4', C-2•, C-6f). The latter exhibit 
small solvent shifts which do not permit unambigpus 
assignments except in very simple cases. I'his result 
is surprising, since a C-5 methoxy group can conjugate 
with the carbonyl group, and this will tend to reduce its 
•50 
basicity. This is shown by its large positive benzene 
induced solvent shift2^ and its small TFA-induced solvent 
shift. A possible explanation for the large TFA-induced 
solvent shift is the formation of a hydrogen bond bet-
ween the protonated carbonyl group and the oxygen atom 
of the 5-methoxy group. The carbonyl group will be 
protonated to a much larger extent in TFA relative to a 
solution in benzene containing only 3$ TFA. 
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In most of the chemical investigations carried out 
for assigning a structure to biflavonoids, the ease of 
methylation has been attributed to the interflavonyl 
linkage being present at 0-8 position in preference to C-6 
position in a flavone nucleus-; The observation appears 
to be' based on the steric considerations. Later studies 
revealed that this observation is not of general appli-
cability and has led to erroneous assignments-. This 
often vexing and intricate problem of distinguishing 
between C-6 and C-8 interflavonyl linkages in both 
biphenyl and biphenyl ether type biflavones has success-
fully been solved, in our laboratories, by using solvent 
3,20 3 3 34-
induced methoxy resonances. The following examples 
illustrate the application:-
(a) To meet the requirements of symmetry and of PMR 
spectrum of cupressuflavone hexamethyl ether, structures 
XXI (C8-C8".linked) or XXII ( C6-C6" linked) may be 
33 postulated. 
-27 -
8'' 
The assignment of C8-C8" linkage was originally 
based on an Ullmann coupling of 8-iodo-5,7,4'-trimethoxy 
2 
apigenin. However, in the key reaction demethylation 
occurred and a rearrangement to yield a C6-C6" linked 
biflavone was not out of question. 
An attempt to resolve the situation was made by 
using solvent induced shifts of the methoxy resonances. 
All the methoxy groups in structure XXI should shift 
while in XXII the 5-methoxy, at f 5«88, should not move. 
In fact solvent change from deuterochloroform to benzene 
caused the following shifts:-
5 - OMe 53 c/s 
7 - OMe 75 c/s 
4'- OMe 49 c/s 
This clearly establishes that cupressuflavone is 
C8-C8" linked and not C6-C6" linked biflavone?5 
-28 -
(b) In amentof lavone hexamethyl ether all the methoxy 
groups on the change of solvent from CDCl^ to C^H^ moved 
upfield as with cupressuflavone hexamethyl ether, showing 
that each methoxy group had at least one ortho proton, 
thus establishing a 05•-08"(XXIII)rather than GJ'-C6" 
linked structure XXIV in the series. 
CH3 0. 
0 C H 3 0 
OCH3 
X X I I I 
0CH 3 0 
CH30, 
0 C H 3 
OCH3 OCH3 0 
OCH3 
XXIV 
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(c) NMR spectrum of agathisflavone hexamethyl ether5 
showed the compound to be unsymmetrical. The presence of 
two sets of P r o t o n s further indicated that neither 
ring B nor ring E was involved in interflavonyl linkage 
between two monoflavonoid units. The absence of any meta 
coupled pair of protons associated with ring A or ^  ruled 
out the presence of linkage at C-3 or C-3". This left 
rings A and D implicated in the linkage and as the com-
pound was unsymmetrical i.e. neither C8-C8" nor C6-C6" 
linked, the linkage must be 06-08"(XXtL. 
In agathisflavone hexamethyl ether on change of 
solvent from deuterochloroform to benzene five methoxy 
groups ( each with an ortho hydrogen atom) behaved as 
expected and showed large upfield shifts. One methoxy 
group was unique in that upto ~ 50$ dilution with benzene 
- 3 0 -
no shift was seen, and then a strong downfield shift was 
evidenced, a phenomenon seen neither in amentoflavone 
nor in cupressuflavone hexamethyl ethers. It was rea-
sonable to assume that the methyl group in question was 
the one at C-5, flanked by ring D on one side and a 
carbonyl group on the other. This result supported the 
structure XXV for agathisflavone hexamethyl ether. 
(d) Despite the large amount of work that had been 
devoted to the elucidation of the structure of hinoki-
flavone and its derivatives, the structure of only one 
sample was fully settled. The elegant total synthesis 
35 
of hinokiflavone pentamethyl ether by Nakazawa proved 
that the sample produced by Kawano^6 had the C4-'-0-C6" 
linkage (XXVII.). Previously the compound had been assigned 
the W-O-CS" linkage(XXVI)on the basis of spectral and 
degradative evidences^'^ 
OCH3 0 
X X V I 
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oe-H3 
OCH3 
0CH3 0 
jrxvri 
39 
A comparative study-'^  of the positions of methoxy 
groups in PMR spectrum of hinokiflavone pentamethyl ether 
as compared with those of the corresponding monomeric 
flavone methyl ethers also indicated structure XXVIe 
Under demethylating conditions XXVI was converted 
to XXVII55 and this meant that synthesis of these com-
pounds in which at any stage demethylation occurred, 
could not be looked upon as -un&ittb;iguo.us. Seshadri and 
co-workers further recorded that they were unable to 
distinguish the two isomers by standard chemicalL means 
and although the PMR spectra differ in details ( Table III) 
it is difficult to use these diagnostically. 
-32- -
T A B L E - III 
Proton XXVII XXVI 
2" ', 6"• 2.20 (d) J =9 c/s 2.56 
jtt i c;ir » 3.06 (d) 3.19 
2', 6' 2.12 (d) 2.16 
5', 5' 2.98 (d) 2.94 
3', 3" 3.38,3.41 3.41, 3.44 
6" - 3.49 
8" 2.95 
6,8 3.45,3.63 J = 2 c/s 3.51,3.64 J= 2 c/s 
OMe 6.06-6.09 5.95,6.02, 
6.05, 6.10, 6.21 
d = doublet, all spectra were run at 100 Mc/s using 
TMS as an internal standard = T 10.00. 
On change of solvent from CDCl^ to C6H6,XXVI showed 
methoxy shifts precisely as expected from a compound with 
five methoxy groups unhindered to solvation by benzene 
( Fig.I ). On the other hand isomer XXVII showed methoxy 
-33- -
shifts as 34 c/s, 54 c/s, 57 c/s, 64 c/s and 1 c/s (Fig.II). 
Fig. I 
These shifts are well within the range for four unhindered 
methoxy groups and one hindered methoxy group. 
-34 - -
This difference between fig.I and fig.II is clear 
and seems to meet the requirements for a simple test to 
20 distinguish between 6-linked and 8-linked compounds. 
MASS SPECTROMETRY: 
mass spectra of a wide variety of organic com-
pounds have been studied only during the last few years. 
The main reasons underlying the sudden burst of activity 
in the field have been the introduction of inlet systems 
suitable for volatilization of relatively high molecular 
weight ( M 300-1200) organic materials and the realization 
that fragmentation pattern in many cases be simply re-
lated to the structure of the intact molecule. Recnetly 
a number of papers on the evaluation of structure-frag-
mentation pattern relationships in mono- and biflavonoids 
* 
have appeared. 
FLAVONES: 41 
Flavone XXVIII itself gives the molecular ion as 
the base peak at m/e 222 (100) and shows subsequent loss 
of one hydrogen to give an ion, m/e 221 (33) of doubtful 
structure, while one oxygen is eliminated as GO to give 
ion at m/e 194 (52). But more readily the flavone, 
-35 - -
by fission of the heterocyclic ring, gives two ions, one 
with a quinonoid, m/e 120 (80) and the other a phenyl-
acetylene m/e 102 (12) structures. The ion, m/e 92 
arises by loss of CO from the ion m/e 120 ( meta stable 
peak at 70.5). 
Apigenin (XXIX)has the parent molecular ion-as the 
base peak and an abundant fragment ion m/e 242 corres-
ponding to the loss of carbon monoxide. Fragment ions 
of much less abundance correspond to RDA ( Retero Diels-
Alder) fission in the heterocyclic ring. 
-36- -
OH O 
M + , m/e 270 (100) 
-CO 
OH 
m/e 242 ( m a j o r ) 
The discrepancy between the results obtained lies in 
the importance assumed by breakdown via a RDA reaction 
in the natural products as compared with the parent flavone 
In the highly oxygenated natural products this fragmen-
tation is minor ( 15-16$ of molecular ion ) whilst in 
flavone itself the peak due to species with a quinonoid 
structure is 80$ of the intensity of the molecular ion. 
It appears, therefore, that oxygenation of nucleus pro-
foundly influences the break down observed. Presumably, 
if the initially produced ion radical can be stabilized 
by mesomerism over a number of oxygen atoms, then breakdown 
- 3 7 - -
via RDA is strongly diminished. These minor breakdowns 
may still prove to be of diagnostic value as they fre-
quently represent the only even numbered peaks in their 
particular region and hence are readily distinguished. 
The fragmentation pattern of apigenin trimethyl 
4-3 ether (XXX) may be represented as follows 
r 
\jn w 
XXX 
M + m/e 312 
CH3O 0 
m/e 180 m /e 132 0 
Y 
4 
m/e 181 
m/e 13 5 
- 3 8 -
Seshddri et al have reported that the fragmen-43 
tation patterns of biphenyl type biflavones viz cupre-
ssuflavone hexamethyl ether and amentoflavone hexamethyl 
ether are similar, molecular ion being the base peak in 
each case* There are differences in the intensities of 
the corresponding ions in their spectra, chiefly due to 
structural variations. Steric factors also seem to play 
an important role in influencing the breakdown mode and 
internal condensations. These factors become so much 
44 
dominant in agathisflavone hexamethyl ether that the 
ion at m/e 311 appears as base peak instead of molecular 
ion,m/e 622 (90). Main peaks which appear in their mass 
spectra are given below. 
Cupressuflavone hexamethyl ether (XXXI): 
Main peaks appear at : 622 (100); 621 (38); 607 (8); 
592 (18); 576 (4); 312 (7); 311 (14-); 245 (11); 135 (26) 
and 132 (14). 
OME 0 
XXXI 
2 
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Amentoflavone hexamethyl ether (XXXII): 
Main peaks appear at : 622 (100); 621 (31); 607 (33); 
392 (8); 576 (10); 312 (2); 311 (5); 245 (5); 135 (16) and 
132 ( 8 ) . 
Agathisflavone hexamethyl ether (XXXIII): 
Main peaks appear at: 622 (89); 607 (54);.591 (98); 
573 (24); 561 (15); 521 (12); 497 (24); 325 (20); 311 (100)j 
281 (12); 245 (22) and 135 (65). 
-40- -
¥he mode of fragmentation of hinokiflavone penta-
methyl ether (XXXIV), which contains a "biphenyl ether 
system, is considerably different from those of amento-
flavone, cupressuflavone and agathisflavone hexamethyl 
ethers. The base peak in this case appears at m/e 313 
and the molecular ion amounts to 39% of this peak. This 
may be attributed to the presence of easily rupturable 
biphenyl ether linkage^ 
Main peaks appear at: 608 (39); 607 (12); 593 (36); 
579 (11); 4-31 (7); 327 (23); 313 (100); 312 (22); 311 (22); 
297 (29); 296 (75); 281 (22); 181 (11); 135 (19) and 
132 (18). 
FLAVANONES: 
In case of reduced flavonoids, in which the hetero-
cyclic ring is no longer aromatic, breakdowns by paths 
A and B are of great importance as they lead to clean cut, 
-41- -
characteristic spectra' 45 
Path A 
f ^ Y ' 
I Pa th 
| B 
• A , 
R - C R X 
Mass spectrum of 5»7-dimethoxy flavanone (XXXV) may be 
rationalized as follows: 
The major pathway involves breakdown by mode A to 
give the fragments of m/e 180 and m/e 104, the former 
containing two methoxy groups taking most of the charge. 
This species loses carbon monoxide to give fragment at 
m/e 152, the series being terminated by the loss of a 
methyl radical to give the even electron species at m/e 137. 1 
+ 
4) CH30 
m* 113.8 
OCH3" 
m /e 180 (100 ) 
(J) - C H _ C H 2 
m/e 104 (8.2) 
"3 OCH OCH, 
m/e 137 (20-0) m/e 152 (21.0) 
-4-2-
A further method of breakdown, that helps to charac-
terise the flavanones is the loss of either a hydrogen 
atom or an aryl radical from the molecular ion to give 
even electron fragments. 
Me 0 4> 
OMe OH 
m/e 283 ( 9 0 ) 
)H m/e 207 ( 14.3 ) 
A very similar breakdown pattern is found for 
4-'-methoxy flavanone (XXXVI), once more the fragment 
with methoxy1 group taking nearly all the charge. Path 
B is more noticeable, the breakdown scheme being as shown 
below: 4. 
y 
M m /e 2 54(430}\Path B 
Path B 
m/e 120 (3-5 ) 
OCH. m/e 119 (13 2) 
I 
m/e 147 (7.0) m/e 253(30-0) 
CH-CH2 
-4-3-
A further peak is at m/e 108 arising from a 
hydrogen transfer reaction. 
XXXVI m/e 108(10) 
The presence of a hydroxyl/methoxyl group at C-4 
position of ring B facilitates, by enhanced resonance 
stabilization of the resulting fragment ion, the forma-
tion of p-hydroxy benzyl/ p-methoxy benzyl fragment ( or 
its tropolium ion). p-Hydroxy/p-Methoxy benzyl ion 
appears as peak of significant intensity in the mass 
spectrum of naringenin/its trimethyl ether (XXXVII). 
4 + • k 
XXXVII 
The spectrum of 3,5>7-trihydroxy-4-'-methoxy flavanone 
(XXXVIII) is of great interest as it was the first 
reduced flavonoid encountered in which the base peak is 
neither the molecular ion nor a fragment arising from 
breakdown via path A. However, this type of breakdown 
as well as path B, are found as shown under: 
HO H 0 v ^ N O -Path A 
m * 74.5 
m 
OH 0 
X X XV III 
m/e 302(75.0) 
| Path B 
M c 
/e 153 (65.0 ) ° H Q* 
C Hr CH-QH 
m/e 152 (12.0) m/e 150 (89-0) 
| m * 121. 5 
CH-C H o „ 
m/e 107 (19.0) 
m * 
8 5 0 o - V ^ 
CH -CH-QH 
m/e 135 (60-0) 
The loss of a hydrogen atom followed by the loss 
of a methyl radical is of importance, but the base peak 
is found at m/e 137. The metastable peak at m/e 62.2 
OH 0 
XXXVIII 
— OMe . h \ H 0 T ^ V — uC 
0 
OH OH 
OMe 
OH 
OH 
m/e 301 (26.0) 
m / e 286 ( 9 .5 ) 
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neither the molecular ion nor a fragment arising from 
breakdown via path A. However, this type of breakdown 
as well as path B, are found as shown under: 
HO HO v Y-OMe PnthA 
" " " > 
m * 74.5 
OH 0 
X X XV II I 
m/e 302(75.0) 
Pa th B 
0* 
C M e C T ^ ^ 
OH 0 
CHRCH-QH 
m/e 152 (12.0) 
H O ^ O 
V : C H 
CH-C H 
m/e 153(65-0 ) 0 H o * 
o „ 
m/e 107 (19.0) 
m * 
m/e 150 (89-0) 
| m * 121. 5 
+ 
- CH-OH 
m/e 135 (60-0) 
The loss of a hydrogen atom followed by the loss 
of a methyl radical is of importance, but the base peak 
is found at m/e 137. ^ke metastable peak at m/e 62.2 
OMe _ H 
OH 0 
XXXVIII 
OMe 
OH 
m/e 301 (26.0) 
OH OH 
m / e 286 ( 9 .5 ) 
- 4 5 - -
indicates that this fragment is formed directly from 
the molecular ion. Several processes can give rise to 
this species. 
HO 
^ V n * C H 0 H 
OH O + 
m/e 137 (100)) m/e 16.5(1:1) 
H 0 
O C H 3 m/e 137(100)+ 
6MC 
C H O 
C H O 
m/e 136 ( 8.7 ) 
46 
In the case of 2'-hydroxy flavonoids strong intra-
molecular interactions occur and the breakdown pattern 
becomes so profoundly modified that it is frequently 
difficult to classify the substance by reference to 
standard breakdown patterns. 
2'-Hydroxy flavanone (XXXIX) showed breakdown 
patterns A & B as well as the loss of phenyl or hydrogen 
-46 - -
radieal from C-2 to give even electron species, but the 
base peak was at M-18 and the third largest peak at M-19« 
It had been proposed that these peaks arise by ring 
opening of the molecular ion followed by ring closure on 
to the 2'-hydroxy group as shown below: 
t. 
XXXIX 
M* 240(22.0) 
m * 
90.0 
L m/e 12 0 (28.0)-
i 
w 
a -in 
o+ 
m/e 121 (72.0 ) 
+ 0 
O 
m/e 119 (6.0) 
\ 
m* 71.5 
m/e 93 (14.0) m/e 91 (13-0 ) 
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M,240 (22.0) I 
m/<? 121 (6 0.0) 
Another example of this flavanone cleavage is 
46 
shown by 2'-hydroxy-4',5,7-trimethoxy flavanone. Once 
more the base peak is produced by loss of water, whilst 
further loss- of a proton yields the third largest peak. 
Further, loss of a methyl group in this heavily substituted 
flavanone is possible to yield p-quinonoid structure ion 

-49 -
at m/e 181, though all ions derived by routes A and B 
can be seen. Of interest is the ion of mass 148, 
represented as 6-methoxy benzofuran. This suggests that 
ring closure has occurred on to a chalcone form followed 
by cleavage. This is in agreement with the finding that 
chalcones are equivalent to flavanones in mass spectro-
meter. 
The mass spectrometry has been used by Jackson et 
4 47 al * ' to elucidate the structure of biflavonoids of GB 
series containing two flavanone units linked through 
C3-C8". 
HQ 
OH O 
IV 
IVa GBla R2= H 
Rx= OH, R2= H 
R-^ = R2= OH 
R1= H, R2= OH 
2 
IVb GB1 1" 
IVc GB2a 
IVd GB2 
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The mass spectrum of GB1 heptamethyl ether (XLI) 
( M+, m/e 656 ) showed the presence of ions at m/e 121, 
15^, 181, 312 and 476, The presence of ions at m/e 154 
and 181 consistent with the fragments [GgH^(0Me)2 OH Jt 
and [c6H2(GMe)20H CO ] t supported the presence of 
phloroglucinol ring system derived from 5,7-dihydroxy 
flavanone. In addition the presence of another aromatic 
ring was suggested by an ion at m/e 121 consistent with 
a [ MeO CgH^ CH^ ] t fragment. Mass spectrum also supported 
the nature of the linkage since the fragmentation of 
molecular ion at m/e 656 can be rationalized by RDA 
reaction of flavanones first at ring C to give a fragment 
ion at m/e 476 followed by a similar fragmentation at 
ring F to give an ion at m/e 312. This two stage breakdown 
fragmentation pattern is fully substantiated by the pre-
sence of metastable peaks. These results can only be 
accommodated by a linkage from the oxygen heterocyclic 
ring C to the phloroglucinal ring D ( Scheme I ). 
Pelter^ suggested that the production of fragment 
ion at m/e 312 can be explained through another mode of 
fragmentation, while the formation of most of other ions 
is explainable by RDA reaction characteristic of flavanones 
(Scheme II ). 
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S C H E M E - II 
MeO B N V OMe 
E XV- OMe 
XL 1 OMe 0 
M m/e 656 
1 n + 
OMe 
m/e 312 
The production of dimethyl phloroglucinol ion 
( m/e 154 ) seems quite odd as simple analogous flavanones 
do not show this* ion. On the basis of previous findings, 
Pelter further proposed another structure comprising of 
isoflavanone-flavanone units linked through C2-C8" for 
biflavonoids of GB series. 
r 1 
O 
UD 
<y 
e 
U 
UJ 
X 
o 
to 
1 j 
UD if) to 
£ 
1 
o cx 2 
o-
<NJ 
m 
cy 
E 
VO 
\\ li! N—O F  E 
1 
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C H 3 0 . 
OCH3 
OCH3 
OCH~ 0 
X L 1 1 
O C H 3 
XLIIa GBla R2= H 
XLIIb GB1 R r ?ch3 ? : 
XLIIc GB2a R1=R2= OCH3 
XLIId GB2 R^= H, R2= 1 
The chemical degradation would proceed equally 
well for compounds of the structures XLIIa-d, this 
including the oxidation of GB1 with iodine and sodium 
acetate to give a bisflavone type compound. Again NMR 
spectra would not be able to distinguish two type of . 
compounds, in each case ring G being substituted at 
C2 & C,, by an aromatic ring. In the mass spectrum of 
GBla heptamethyl ether all the ions would be produced by 
the same process and would have the same structures with 
the exception of an ion at m/e 312 which would have an 
isoflavone type structure instead of a flavone type, these 
being indistinguishable in mass spectrometer. The only 
spectroscopic evidence that may have any bearing on the 
matter is the ion at m/e 121 in the mass spectrum' of GB1 
methyl ether. If this is assumed to arise from Cp of a 
-53 - -
flavanone, then its presence or absence in GB2 hepta-
methyl ether might be indicative of the structure. 
The two stage breakdown fragmentation is fully subs-
tantiated by the presence of metastable peaks and frag-
mentation pattern below m/e 312 bears no resemblance to 
that found in apigenin measured under identical instru-
mental conditions^7 The prominent ions at m/e 180 and 132 
noted in the mass spectrum of apigenin trimethyl ether 
are entirely absent from the mass spectrum of GB1 hepta-
methyl ether. This clearly indicates the unacceptability 
47 of Pelter's'implications/ 
The formation of dimethyl phloroglucinol from the 
methyl ethers is probably of thermal origin. Infact, 
phloroglucinol is so readily lost from GB biflavanones 
that if the temperature of the ion chamber in the mass 
spectrometer much exceeds the minimum 200° ) for 
evaporation of the sample, there is difficulty in detec-
ting the molecular ion. However, under all conditions 
the base peak was due to phloroglucinol. 
Further the mass spectrum of GB2 itself provided the 
answer to the objection of Pelter as it clearly showed the 
presence of ions at m/e 107 and 123 consistent with the 
fragments obtained from aromatic rings B & E respectively. 
-54--
Since it has been established that 4-'-hydroxy 
flavanone loses a p-hydroxybenzyl fragment at C-2, it is 
perhaps significant that no peak consistent with a 2,4-, 
6-trihydroxy benzyl moiety from the alternative structure 
suggested by Pelter appears in any of the mass spectra 
of GB series. 
On this basis, Jackson's structure i.e. flavanone-
flavanone units linked together is preferable to the 
other structure i.e. isoflavanone-flavanone. Recent 
degradative studies on GB biflavonyls further support 
4-?a the structure proposed by Jackson et al. Fragmentation 
6 
pattern of morelloflavone , C3-C811 linked flavanone-
flavone units is shown in scheme III. 
Thus the mass spectral studies of the biflavdtnyls 
isolated from natural sources reveal that their fragmen-
tation patterns depend not only on the constituent mono-
mer ic flavonoid units but also on the nature and the 
position of interflavonyl linkages. While the cracking 
patterns of simpler flavonoids are less complex, in appli-
cation of these concepts to biflavonoids one has to take 
into consideration the influence of the additional struc-
tural and steric factors. 
I 
Jj 
2. 
ui 
X 
o 
in 
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3. DEGRADATION:: 
Degradation of biflavonyls can be brought about 
either by alkaline hydrolysis or oxidation with alkaline 
hydrogen peroxide. 
ALKALINE HYDROLYSIS£ 
In general a flavone (XLIV) gives four products 
which arise' by opening of the pyrone ring followed by 
the fission of the intermediate o-hydroxy- p -diketone 
by two different paths (a) and (b). 
0 XLIV 
J K O H 
0 
Acetophenone o-Hydroxy benzoic acid Benzoi c a c i d 0 
o- Hydroxy acetophenone 
-56- -
Th e intermediate B can be isolated if cold ethanolic 
solution of caustic soda is used. 
In the case of biflavones, 'Ketoflavones' are charac-
teristic degradation products of alkaline hydrolysis. 
ILR 
Hydrolysis of ginkgetin ( Ih ) by Kariyone and Kawano'~ 
gave a ketoflavone containing one methoxyl group, 
p-hydroxy acetophenone and 2,6-dihydroxy-4-methoxy 
acetophenone. IE spectrum of the diketone showed two 
carbonyl frequencies ( 1658 and 1645 cm"""1" ) and hydroxyl 
absorption. As the location of the methoxyl group at 
C~4' in ginkgetin is already established, the ketoflavone 
according to spectral evidence must have the structure XLV. 
Me Ov 
OH 
0 
OH 0 
XLV 
- 5 7 -
Alkaline hydrolysis of bobh isoginkgetin(Ig)and sciado-
pitysin ( Ij ) gave the same ketoflavone (XLVI) thus 
4 supporting the structure proposed for these two biflavonyls. 
XL V I 
OXIDATION WITH ALKALINE HYDROGEM PEROXIDE: 
Alkaline hydrogen peroxide oxidation has been very 
helpful in the determination of the interflavonyl linkage. 
Ginkgetin tetramethyl ether on oxidation with alkaline 
hydrogen peroxide, gave anisic acid, 2-hydroxy-4,6-dimethoxy 
benzoic acid and a compound ( C,9H1f-0A ). 
Ginkgetin tetramethyl 
ether 
COOH COOH 
X M E O A . OH 
+ 
Anisic a c id 2-Hydroxy-A, frdimethoxy 
benzoic ac id 
- 5 8 -
Th e compound ( CiyE-^Og ^ w a s sllown b e a 
dicarboxylic acid, containing three methoxyl groups and 
one hydroxy1 group. To fit in all the spectral data, two 
C A 3 CB 3 
These facts proved that a biphenyl residue must exist 
in ginkgetin molecule ana that interflavonyl linkage 
must involve position 3' of one flavonoid residue and 6 or 
8 of the other. The two structures ( XXIII ) and (XXIV) 
for ginkgetin tetramethyl ether were,therefore,considered. 
XXIII 
- 5 9 - -
XXIV 
Of the two structures, one involving CJ'-CS" linkage 
was preferred. .The other structure ( G3'-C6" ) was 
considered unlikely since that 5"-0H in a compound with 
this structure would be severely hindered and there was 
no evidence that this hydroxyl group in ginkgetin was 
xp 
exceptionally difficult to methylate. The structure with 
03'-C8" linkage, was, therefore, proposed for ginkgetin 
tetramethyl ether (XXIII) and structure (A) for the 
derived carboxylic acid. 
4. SYNTHESIS: 
The first synthetic biflavonoid was reported by 
50 
Mahesh and Seshadri-^  , as a byproduct of the oxidation of 
acetophenone with Fent on's reagent in acid medium by 
dehydrogenative coupling in the 3-position. Afterwards 
a number of biflavonoids with different interflavonyl 
linkages have been synthesized l?y application of Ullmann 
- 6 0 -
reaction-?1""55 Nakazawa5^ accomplislied the synthesis of 
amentoflavone hexamethyl ether by mixed Ullmann reaction 
between J•-iodo-5,7,4'-tri-O-methyl flavone (XLVII) and 
8-iodo-4',5,7-tri-O-methyl flavone (XLVIII). Cupressu-
flavone hexamethyl ether was obtained as a byproduct 
and was found identical with the one obtained from natural 
2 
sources. Later on Seshadri et al have also synthesized 
cupressuflavone hexamethyl ether from 8-iodo-41,5,7-tri-O-
methyl flavone (XLVIII) under modified conditions of 
Ullmann condensation. 
XLVII 
XLVIII 
However, in the key reaction demethylation occurred and 
rearrangement to yield C6-C8"/C6-C6" linked biflavone 
could not be ruled out. 
-61- -
Recently 04'-0-08" and W - O - O S " linked hinoki-
flavones have been synthesized by Nakazawa^ in his 
elegant seventeen step synthesis. The permethylated 
3-nitro biflavonyl, the key intermediate, was obtained 
by condensation of 3'-nitro=4'-iodo-55?-di-0-methyl 
flavone (XLIX) and 8- or 6-hydroxy-4',5,7-tri-O-methyl 
flavone ( L or LI ) in DMSO in the presence of K^CO^. 
The nitro ethers were reduced by Na2S20.j in aqu^ >us DMF, 
diazotized and decomposed with 50% H^F02 to give 
pentamethyl ethers of hinokiflavones,.. 
X X V I 
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OPTICAL ACTIVITY IN BIFLAVONYLS: 
The optical activity in biflavonyls may be either 
due to restricted rotation or due to the presence of 
asymmetric carbon atom. The former type is represented 
by the members belonging to amentoflavone, cupressu-
flavone and agathisf lavone series while fukuget'in 
constitutes the sole example known todate of the latter 
type. The biflavonyls incorporate a biphenyl system in 
which at least three out of four ortho positions are 
55 56 substituted. Turner and Le-Fevre^ Bell and Kenyon-^  in 
their studies of optical activity in biphenyl- suggested 
that the effective size of ortho substituents conditions 
the occurrence of optical activity. If the ortho subs-
tituents are sufficiently large, they interfere with one 
another in coplanar position, either by mechanical or 
repulsive action of their fields of force. Only in the 
non-coplanar positions is there room enough for all of 
them. Complete rotation is, therefore, prevented and 
optical resolution becomes possible. The two benzene 
rings are thus in coaxial-noncoplanar configuration. It 
is apparent that the optical activity in biphenyls is 
due to the restricted rotation of biphenyl system with 
sufficiently large ortho substituents. This phenomenon 
is known as ' atropisomerism'. 
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A number of optically active tetra-and trl'substi-" 
tuted biphenyls have been reported so far. However, 
~ 57 compound Lil has been shown to be non-resolvable-;' The 
biflavonyls closely resemble the compound LII if hetero 
oxygen in benzopyrone ring is taken as a methoxy group. 
HO2C O C H 3 C H 3 O 
L I I 
Non-resolvability of compound LII led to believe that 
biphenyl type biflavonyls should also be non-resolvable 
and thus should possess no optical activity. 
An interesting comment on the optical activity of 
p 
biphenyl type biflavonyls. was made by Seshadri et al on 
cupressuflavone. This biflavone incorporates a biphenyl 
system in which all the ortho positions are substituted 
by oxygen atoms. However, no optical activity could be 
detected either in the natural pigment or any of its 
derivatives. Other naturally occurring biphenyl type 
biflavonyls i.e. belonging to amentoflavone series were 
also reported to be devoid of optical activity. The 
argument, however, used for optical inactivity in this 
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series was that all the ortho positions of the biphenyl 
15 
residue were not substituted. Carl Djerassi ^ examined 
the rotatory dispersion characteristics of the two 
members of the series, isoginkgetin and sciadopitysin 
in range of 390-700 mu, but found no optical activity. 
Recently a number of optically active biphenyl 
type biflavonyls belonging to cupressuflavone, amento-
flavone and agathisflavone series have been reported, 
for the first time, in our laboratories. The details 
are given in table IV. 
T A B L E - IV 
Name of the compound a,b Reference 
[*C] D 
ID 1. Cupressuflavone +63 58 
2. 7,7"-Di-O-methy1 cupressuflavone +30b 33 
3. 4',4"',7,7"-Tetra~0-methyl +30b 33 
cupressuflavone 
4. Amentoflavone +9a 59 
» 
5. 4"'-O-Methyl amentoflavone -6a 59 
6. 4',4"•,7"-Tri-0-methyl amento- +18b 60 
flavone 
7. 4',4"',7,7"-Tetra-0-methyl +41b 34 
amentoflavone 
8. 7-0-Methyl agathisflavone -50b 3 
9. 4"1,7-Di-O-methyl agathisflavone -55 3 
a = 40°; b = 25° 
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fii 
Shibata et al have isolated a number of optically 
active bianthraquinones from natural sources. These 
•compounds closely resemble biphenyl type biflavonyls. 
Some of the optically active bianthraquinones isolated 
from Penicillium islandicum are shown below: 
OH 0 OH 0 OH i 
OH 0 OH 
Roseoskyrin 
HO 
OH 0 OH 
Auroskyrin 
OH 0 OH 
IH U OH 
Aurantoskyrin 
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The optical rotatory dispersion (ORD) and the circular 
dichroism (CD) curves of these compounds show same 
same feature of the 'Cotton Effect' suggestingAstereochemistry 
due to restricted rotation about C-C linkage. 
62 
Cooks and Harris in their studies of optical 
stability in 1,1'-binaphthyl series concluded that the 
criterion of optical stability can be influenced by 
the gain in resonance energy in the transition state, 
by the entrophy of activation, by the conformation of 
the transition state, and by the ground state strain 
of the molecule. 
Morelloflavone and the members belonging to GB 
series constitute a class of biflavonyls with an asy-
mmetric carbon atom (C-3). The biflavonyls were 
expected to exhibit optical activity. Such an example 
has recently been provided by the isolation, charac-o terization and optical studies of fukugetin. 
D I S C U S S I O N 
P A R T I 
SYNTHETIC STUDIES ON BIFLAVONOIDS. 
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Wessely and Moser6^ observed that 4' ,5,8-tri-O-
methyl-7-hydroxy flavone (LIII) yielded scutellarin (LIV) 
on demethylation with hydriodic acid. This was later 
confirmed by Wessely and Kalla^using the tetramethyl 
L I I I L I V 
ether. The compound having the 5>7»8-arrangement of 
hydroxy1 (methoxyl) groups suffered isomeric change 
during demethylation yielding a product with 5*6,7-
arrangement. 
Shah, Mehta and WheelerS^ were the first to suggest 
that this isomeric change should involve opening of the 
pyrone ring and closing up in an alternative way. The 
electrophilic activity of the 2-position is considered 
to be mainly responsible for this reaction and the 
heterocyclic ring opens out to form a diketone or its 
equivalent ( A or B ). 
A 
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When the systems containing 5»6>7-arrangement °f 
hydroxy1/methoxyl groups in flavones were subjected 
to boiling hydriodic acid treatment no such isomeric 
changes were noticed and thus present stable structures. 
The reason for the preferential formation of 
5,6,7-trihydroxy isomer is to be found in the greater 
reactivity of one of the two hydroxyl groups present 
ortho to the carbonyl group. In the systems under 
consideration the 6-hydroxyl being para to 3-hydroxyl 
in the intermediate is expected to be more reactive. 
(ZCL 
Baker and Robinson collected a large number of 
examples to show that in 1,2,3>5-tetrahydroxy benzene 
derivatives, the hydroxyl present "in the quinol unit 
( 5-position ) is more reactive than that forming part 
of the catechol unit ( position 1 ). 
A similar but somewhat different phenomenon was 
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met with in the case of 8-,and 6-methyl-,chromones, 
1 6 7 flavones and flavonols. Schmid and Bolleter' first 
noticed that eugenin (LVa)and its methyl ether (LVb) 
(6-C-methyl compounds) underwent isomeric change into 
isoeugenitol (LVI) (8-C-methyl compound) when demeth-
ylated with hydriodic acid, whereas bhe 8-C-methyl 
compound was unaffected. This was extraordinary when 
compared with the behaviour of hydroxy flavones in 
which the 8-hydroxy compounds isomerized to 6-hydroxy 
compounds. 
CH3 
l a ) R S H > ( b ) R a CH3 
A new feature was observed with flavones derived 
from C-methyl phSoroacetophenone. 8-Methyl chrysin 
CO 
dimethyl ether (LVIIa) and 8-methyl luteolin tetra-
methyl ether^ (LVIIb) when demethylated under ordinary 
conditions with hydriodic acid gave mixtures of 6-, and 
8-methyl-,chrysins and luteolins respectively. The 
isomeric 6-C-methyl chrysin dimethyl ether and luteolin 
(a) R = Hi ( b) R = OCH3 
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tetramethyl ether also yielded the same mixture of 
case 
hydroxy compounds. The change in thisAwas, therefore, 
obviously taking place both ways, the reactivity of 
the competing hydroxyls being almost equal. 
7 0 
Frank and Baumann' observed that 2,2'-dimethyl-
5,5'-dimethoxy-8,8'-bichromonyl (LVIII) on treatment 
with hydriodic acid in acetic anhydride underwent facile 
rearrangement to the corresponding 6,6'-isomer (LIX). 
8' 
0 ^  CH3 
OMe 
L V III 
Hl/ACgO 
0 V .CH3 
J2 
No such isomerization occurred when 8,8'-bichromonyl 
was treated with AlCl^/ Ph N02. 
These authors have suggested greater stability 
of the 6,6'-bipyrilium salt (LX) (produced on solvation 
of 6,6'-bichromonyl) in comparison to 8,8'-bipyrilium 
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salt (LXI) as the driving force for this facile isomeri-
zation. 
The greater separation of similar charges and better 
ease of solvation have been suggested as the factors 
favouring the stability of 6,6'-bipyrilium salt. 
p 
The discouraging report of Seshadri et al regard-
ing the non-isomerization of cupressuflavone and its 
derivatives during attempted Wessely-Moser rearrangement 
deterred us for some time to enter into this interes-
ting field. The 557,8-orientation of substituents in 
monoflavonoids rearranging to 5,6,7-pattern, the facile 
isomerization, particularly of 2,2'-dimethy1-5,5 
dimethoxy-8,8'-bichromonyl to the corresponding 6,6'-
isomer and finally the examination of space models were, 
however, strongly suggestive of such an isomeric change 
to occur and prompted us to reinvestigate the problem. 
Optically active cupressuflavone hexamethyl ether, 
m.p.295°? + 5 5 under the usual conditions of 
Wessely-Moser rearrangement gave the reaction product 
which by TLC examination was found to be a mixture. The 
reaction mixture was methylated as it could not be 
separated into homogeneous components. The methylated 
products were separated by preparative thin layer 
-72- -
chromatography on silica gel into two pure components 
( A & B ). Both the fractions were found optically 
inactive. 
FRACTION A : 4'", 7,7"-Hexa-0-methyl-8,8"-biflavone. 
m.p.299°, l*]2^ ± °> % 
The results of NMR spectrum of the component A 
(hexamethyl ether) are shown below in the table V. 
T A 
* 
B L E - V 
Chemical shifts of protons of fraction A. 
Signal Number 
of protons 
J c/s Assignment 
3.4-1 (s) 2 — H-3,3" 
3.4-3 (s) 2 - H-6,6" 
2.70 (d) 4 9 H-2 *, 61,2"1,6"1 
3.23 (a) 4 9 H-31t 51»3"',5"' 
5.88 6 - OMe-5,5" 
6.14 
6.22 ) ) 
6) 
6) 
— OMe-4',4"*, 7,7" 
s = singlet, d = doublet. 
* Spectrum run in CDCl^ at 100 Mc/s, TMS as an 
internal standard = T 10.00 
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KMR spectrum of the fraction A suggested that the 
molecule had an axis of symmetry. H-3,5" and H-6,6" 
were distinguished, the f ormer^TJ^l) appearing at the 
characteristic position for the H-3 of a flavoae?1 It 
was immediately obvious that rings B & E were substi-
tuted only by 4'-methoxy groups as there was a clear 
Pa^^ern protons of rings B & E. Two methoxy 
groups had values below T6.0 ( Ca. ^ Y^.88 ). These 
were the 5-methoxy groups which were present in two 
different monoflavonoid units of the biflavone. This 
may perhaps be the characteristic of such groups in 
8-8" linked biflavones or in an 8-linked monoflavonoid 
unit of a biflavone. This observation was supported 
by our studies both in biphenyl as well as in biphenyl 
ether type series of biflavonyls ( Table VI ). 
T A B L E - VI 
Biflavonoids 5-OMe . 5"-0Me 
a. Cupressuf lavone hexamethyl ether T5.88 t5*88 
b. Amentof lavone hexamethyl ether T6.13 T5*94 
c. Agathisf lavone hexamethyl ether "Y6.41 f5*95 
d. Hinokiflavone pentamethyl ether *Y 6.06-6.09 ( 04-^ 0-06") 
e. 
Hinokiflavone pentamethyl ether aboveT6.00T5.92 
(C4'-0-C8,r) 
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There was a singlet representing two protons 
around T 3.4. This was assigned to aromatic protons 
at H-6 and 6". Its high position indicated that it 
must be between two oxygen atoms and ring A, therefore, 
be meta substituted by oxygen. To meet the requirements 
of symmetry and NMR spectrum the two possible structures 
for the fraction A may be represented by XXI &• XXII. 
OMe 
OMe 
Me O 
Me 0 OMe 
OMe 0 
XX I ( C 8 - C 8 l inked) 
Me O 
OMe 
XX I I ( C6 -C 6'linked ) 
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Though our observation that a 5-methoxy group in 
an 8-linked monoflavonoid unit appears below t 6,0, was 
indicative of C8-C8" linkage in fraction A, but the 
final decision between C8-C8" and C6-C6" linkage was 
taken by benzene induced solvent shift studies of 
methoxy resonances. The shifts in methoxyl resonances 
as a result of change of solvent from deuterochloroform 
to benzene are shown in table VII. 
T A B L E - VII 
Position of OMe Signals in Signals in Shift 
CDGl-zC/s C^ -IL-c/s in c/s 
C-5 412 356 +56 
C-4' 386 329 +59 
C-7 377 302 +75 
Thus all the three methoxy groups shifted upfield 
as expected for a C8-C8" linkage. 
The above results clearly showed that one of the 
two fractions obtained after the attempted Vessely-Moser 
rearrangement with + cupressuflavone hexamethyl ether 
was unisomerized + cupressuflavone hexamethyl ether. 

NMR spectrum of agathisflavone hexamethyl 
ether (authentic) 
NMR spectrum of fraction B 
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FRACTION B: 4"', 5,5", 7,7"-Hexa-Q-methyl-6,8"-biflavone, 
m .p. 242°, ± RP 0A5 
The results of NMR- studies of fraction B are shown 
in table VIII. 
T A B L E - VIII 
Ghemical shifts of protons of fraction B. 
Signal Number of 
Protons 
J c/s Assignment 
2.12 (d) 
2.99 (d) 
2.63 (d) 
3.22 (d) 
3.49 & 3.4-7 (s) 
3.36' (s) 
3.09 (s) 
5.95,6.12, 
6.14,6.22, 
6.26,6.41 
2 
2 
2 
2 
1 each 
1 
1 
18 
9 c/s H-2',61 
9 c/s H-3',51 
9 c/s H-2"',6"' 
9 c/s H-3"',5"' 
( H-3 ) 
( H-3') 
•i 
H-6 
H-8 
OMe- 5,5",7,7", 
4' & 
s = singlet, d = doublet 
* Spectrum run -in' CDCl^ at 100 Mc/s, TMS as an internal 
standard = T 10.00 
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The NMR results showed that the molecule was 
neither symmetrical nor were the B & E rings implicated 
in linking the two flavonoid units as there were present 
two sets of A2B2 protons centred atT2.99, 2.12 (J = 9 c/s) 
andT3.22, 2.63 ( J = 9 c/s ), the pairing being proven 
by double irradiation experiments. J values were 
characteristic of ortho-coupled protons. The linkage 
could not be through C-3 or C-3" as there were almost 
two invarient protons at T3*4 - 3*5• Moreover this 
linkage would lead to at least one meta-coupled pair 
associated with ring A or D, and none, infact, was ob-
served. This left only ring A or D implicated in the 
linkage, and as the compound was unsymmetrical ( i.e. 
neither C8-C8" nor C6-C6" ) the linkage must be C6-C8". 
Fraction B was then unambiguously represented by, 
agathisflavone hexamethyl ether (XXV). 
XXV 
T 9 3 5 
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The mode of interflavonyl linkage was further 
confirmed by studying the behaviour of the six methoxyl 
groups on change of solvent from deuterochloroform to 
benzene ( Fig.Ill ). Five methoxy groups showed large 
upfield shifts. The methoxy group below t 6.0 was 
identified as being the 5"-OMe ( see table 71 ). One 
methoxy group was unique in that upto 50$ dilution with 
benzene no shift was seen and then a strong downfield 
shift was evidencedr ( Table IX ), It was reasonable 
to assume that the methoxy group in question was the 
one et 0-5, flanked by ring D on one side and a carbonyl 
group on the other. 
t 9 
t" '7 -I 
F ig i l l 
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T A B L E -IX 
Shifts in methoxy resonances of fraction B. 
Signals in 
CDC15 C/S 
Signals in 
C6H6 C/S 
Shifts in c/s 
405 358 47 upfield 
390 330 60 11 
389 335 54 • « 
380 326 54 11 
375 305 70 11 
362 385 23 downfield 
This conclusively established fraction B as + 
agathisflavone hexamethyl ether(G6-G8" linked biflavone). 
Optically active agathisflavone hexamethyl ether, 
m.p. 152°, ^ + 30 under similar conditions also 
gave a mixture which was separated, as in previous case, 
into unisomerised optically inactive agathisflavone 
hexamethyl ether and the rearranged optically inactive 
cupressuflavone hexamethyl ether, the latter in low 
yields. The possibility of isomerization/racemization 
during remethylation was ruled out by check experiments. 
- 8 0 - -
It is noteworthy that optical activity was retained by 
heating the biflavonyls to reflux in acetic anhydride. 
They were however, found to racemize when heated with 
hydriodic acid and acetic anhydride at 130-140° for 
8 hr. The discrepancy in melting points of the products 
obtained by Wessely-Moser rearrangement and the authentic 
samples ( Table X ) may, therefore, be due to loss of 
optical activity in the former during the rearrangement. 
T A B L E - X 
Biflavonyl Hexamethyl ether f^l 25 m.p. 
1. Cupressuflavone 
2. Unisomerized cupressuflavone 
3. Agathisflavone (obtained from 
W.M.rearrangement of cupressu-
flavone hexamethyl ether ) 
4. Agathisflavone 
5. Unisomerized agathisflavone 
(after HI/AC20 treatment) 
6. Cupressuflavone ( obtained from 
W.M.rearrangement of agathis-
flavone hexamethyl ether) 
+35 295° 
+0 299° 
+0 242° 
+30 152° 
+0 242° 
+0 299° 
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PROPOSED MECHANISM..; 
'The key step in Wessely-Moser rearrangement seems 
to be the opening of the heterocyclic rings of the 
biflavone leading to the formation of a tetraketone or 
its equivalent ( C & D ) as the intermediate. This 
tetraketone may recyclize to the original or alternate 
positions with subsequent racemization ( Scheme IV). The 
product distribution ratio seems to depend upon a number 
of factors as discussed below: 
The tetraketone intermediate represents a biphenyl 
system having four ortho substituents. Of the many 
conformations in a system like this a few may be rep-
resented as follows: 
CA'D CB'U 
cc'n coti 
SCHEME IV 
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8 ' 
MeO 
OMe u 
X X I 
McO 
+ 35° , m.p. 295° 
OMe 
XXV 
DCIq 5 + 3 0°,m.p15^ 
HO^^xiDHa 
CCD 
Tetraketone 
HO^^oho 
XXI 
299 XX V 
C / 3 ^ 5 + 0 , m. p 24 2° 
X X I I 
not isolated 
-83- -
The ortho interactions increase in the order 
A' —^ B1 -v C' -v D! Conformations B',C» and D' closely re-
C6-C%" 
semble C8-C8\<* C6-C6" linked biflavones respectively. 
It is evident that the ortho interactions are minimum 
in C8-C8" linked structure and maximum in C6-C6" linked 
isomer. The stability of the three biflavone isomers 
with respect to ortho interactions should,therefore, be 
in the order C8-C8" >C6-CS" >C6-C6". 
The examination of Dreiding models suggests that 
in C8-C8" linked isomer, B & E rings of the biflavone 
lie over eaph other, indicating a strong repulsion 
between 77" -electrons of the two phenyl rings ( Pig.IV). In 
the., case of C6-C8" and C6-C6" linked biflavones no such 
OR 0 
interactions between phenyl rings are possible. 
The less stability of C8-C8" linked biflavone may 
also be explained by consideration of solvation of 
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pyrilium salts. The pyrilium salts corresponding to 
06-C8" and C6-06" biflavones ( LXII & LXIII ) should be 
more stable than that corresponding to pyrilium salt of 
C8-C8" linked biflavone (LXIV). In the later case small 
separation of similar charges attendent•with difficulty 
in solvation may be responsible for less stability. 
nH nM + 
In view of the above considerations, the following 
conclusions regarding relative stability may be drawn: 
C8-C8" Linked isomer: 
(a) ortho interactions due to two substituents. 
(b) strong interaction between B & E phenyl rings. 
(c) pyrilium salt less stable, difficult solvation. 
OH OH L X I I 
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C6-C6" Linked isomer: 
(a) ortho interactions due to four substituents. 
(b) no interaction between B & E phenyl rings. 
(c) stable pyrilium salt, easy solvation. 
C6-CS" Linked isomer: 
(a) ortho interactions due to three substituents. 
(b) no interaction between B & E phenyl rings. 
(c) stable pyrilium salt, easy solvation. 
The V/essely-Moser rearrangement of cupressuf lavone 
hexamethyl ether (XXI) gave agathisflavone hexamethyl 
ether (XXV ) as the major product of isomerization with 
no or inappreciable amount of C6-G6" linked isomer (XXII). 
It is worthy of mention that unisomerized but racemized 
cupressuflavone hexamethyl ether was also recovered in 
sizable amounts. The observation warrants the relative 
stability order as agathisflavone>cupressuflavone^C6-C6" 
linked biflavone. The compelling evidence, therefore, 
is that the ortho interactions are dominating factors 
in controlling the product distribution of agathisflavone 
and cupressuflavone over C6-C6" linked biflavone. The 
relative stabilities of cupressuflavone and agathisflavone 
are not, however, explainable by the consideration of 
ortho interactions. The less stability of cupressuflavone 
despite less ortho interactions may be due to (i) additional 
interaction between rings B & E and (ii) difficulty in 
solvation of the pyrilium salt. 
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PARTIAL DEMETHYLATIOH Off CUPRESSUPLAVQEE 
AND AGATHISPLAVONE HEXAMETHYL ETHERS: 
A number of partial methyl ethers of,biflavones 
occur as natural products. Total synthesis of these 
compounds starting from the appropriate partial methyl 
ethers of monomeric flavonoids is not easy; only 
72 
ginkgetin has been synthesized by this route; Two 
methods appear to be more suitable for this purpose 
(i) partial methylation of parent biflavones and (ii) 
controlled demethylation of biflavone complete methyl 
ethers. Such methods have extensively been used for 
the preparation of partial methyl ethers of monomeric 
flavonoids taking advantages of differences in the 
reactivity of the various hydroxy/methoxy groups. Kawano 
73-75 
et al'"^  " were the first to use it in the biflavone 
series. They have reported the synthesis of partial 
methyl ethers of amentof lavone and hinokif lavone (CV-0-C6") 
series. 
Recently Natrajan et al^ have detected ( TLC, 
silica gel, toluene:, ethyl acetate: acetic acid, 20:4:1) 
the presence of cupressuflavone (Ila), its dimethyl 
ether (lie), tetramethyl ether (lid) and hexamethyl 
ether (XXI) (in traces) in the reaction mixture obtained 
by controlled demethylation of XXI. 'Acetylation of the 
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crude reaction product followed by fractional crysta-
llization, however, gave them only the dimethyl ether 
which was characterized as 7,7"-di-0-methyl cupressu-
flavone (lie). 
In order to obtain an authentic sample of lie 
required in our laboratories for comparison purposes, 
XXI was subjected to controlled demethylation strictly 
under conditions as prescribed by Natrajan et al?^ TLC 
examination ( silica gel, benzene: pyridine: formic acid, 
36:9:5 ) of the reaction mixture revealed the presence 
of eight components CFig.V) which were labelled as 1—8. 
* R-p value considerations were suggestive of the parent(1 ), * 
mono-( 2 ), di-(4), tri-(6) and tetramethyl ethers (8) 
of cupressuflavone. 
The major components WH1, WH2 and WH3 ( bands 4,6 
and 8 respectively) separated by preparative thin layer 
chromatography gave the same methyl ether which was 
characterized as cupressuflavone hexamethyl ether. R-g, values 
of WH1,WH2 and WH3, m.ps. and mass spectra of their 
acetates are given in table XI. The results of M R 
studies of their acetates showing axetoxy and methoxy 
shifts are recorded in table XII. 
* These fractions on methylation showed (TLG) the 
presence of parent arLa monomethyl ethers of cupressu-
jf la vane and aga tit isfla rone. 
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Traces of 
XXI 
Fig.V 
Chromatogram of partial demethylation of: 
a. Cupressuflavone hexamethyl ether 
b. Agathisflavone hexamethyl ether 
Benzene:pyridine:formic acid ( 36:9^5 ) as the 
developing solvent system. 
1. Mixture of cupressuflavone and agathisflavone (parent) 
2. Mixture of monomethyl ether?of agathisflavone and 
cupressuflavone 
3. Dimethyl ether of agathisflavone 
4. Dimethyl ether of cupressuf lavone 
4 
5. Trimethyl ether of agathisflavone 
6. Trimethyl ether of cupressuflavone 
7. Tetramethyl ether of agathisflavone 
8. Tetramethyl ether of cupressuflavone. 
<3 
7" 
6 
5 
4 
-Traces of XXV 
B a s e 
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T A B L E -XI 
5 $ Mass Spectrum $ 
Compound ftR™ value$Base peakfi + 5 m.p.(acetate) 
_____ 5 8 5 (M) 5 
WH1 0.5 566 734 276° 
WH2 0.6 580 7 06 265° 
WH3 0.76 594 678 165° 
T A B L E -XII 
NMR signals of methoxyl and acetoxyl resonances in CDCl^. 
Compound 8 Assigned position in biflavone nucleus 
8 41 4-"' 5 5" 7 7" 
7-0-Methyl 
cupressuflavone 
pentaacetate (7-73) (7-73) (7-50,7.50) (7.94-) 6.15 
7,7"-Di-0-
methyl cupre-
ssuflavone (7.80) (7.80) (7.52,7.52) 6.18 6.18 
tetraacetate 
WH1 tetra-
acetate (7.78) (7.78) (7.50,7.50) 6.16 6.16 
WH2 triace-
tate (7.73) 6.22 (7.4-8,7.4-8) 6.16 6.16 
,4"•,7,7"-
Tetra-O-methyl 
cupressuf la- 6.22 6.22 (7.4-8,7.4-8) 6.16 6.16 
vone diace-
tate 
WH3 diacetate 6.22 6.22 (7.4-8,74-8 ) 6.16 6.16 
4 • 4." • 5 7 
Penta-O-methyl 6.25 6.25 5.88(7.51) 6.15 6.18 
cupressuflavone 
acetate 
Hexa-O-methyl 6.25 6 .25 5.88 5.88 6.15 6.'15 cupressuflavone 
Hexa-O-methyl 6.22 6.26 5.95 6.41 6.12 6.14 
agathisflavone 
— • • • • • • - — . 
> 6c 
"0 
F" — 
E 
Oo 
(O 
W//*,-FCFNNITOFR 
-
—. K S - » -V/ 
CR 
ZT 
V 
- ->T 
'— -— -
* 
~i r j.-i -
: : • - " • " jz 
RRRP 
; — - + -
- • -
J 
NMR spectrum of tri-O-methyl 
cupressuflavone acetate 
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The values are onT scale, IMS as an internal 
standard. Numbers in parentheses represent values for 
acetoxy groups. 
WHi, WH2 anu WHJ were thus assigned the structures 
of 7,7"-d»-0-methyl cupressuf lavone (He), 4',7,7"-tri-
0-methyl cupressuf lavone (He) and 4-',• ,7,7"-tetra-0-
methyl cupressuflavone (Hd) respectively. The compound 
(lie) constitutes the first example of the report of 
cupressuflavone trimethyl ether. 
0f?4 0 
Cupressuflavone (Ila) H H 
7,7"--Di-0-methyl 
cupressuflavone (lie) Me H 
,7,7"-Tri-0-methyl 
cupressuf lavone (He) Me Me 
4',4"•,7,7"-Tetra-0-
methyl cupressuflavone Me Me 
(Hd) 
4« ,4"•,5,5",7,7"-Hexa-
0-methyl cupressufla- Me Me 
vone (XXI) 
R3, R4 R5 
H H H H 
Me H H H 
Me H H H 
Me Me H H 
Me Me Me Me 
- 9 1 - -
Agathisflavone (III) R = H 
4 1 • , 5 , 5 " , 7 , 7 " -
Hexa-O-methyl agathis-
flavone (XXV) R = Me 
The other significant observation was the occurrence 
of isomerization during demethylation experiment under 
76 
identically controlled conditions . Rj, values consi-
derations of components 3,5 & 7 indicated the presence 
of di-,tri- and tetramethyl ethers of agathisflavone (III). 
They were combined and subjected to methylation. The 
methylated product so obtained was characterized as 
agathisflavone hexamethyl ether (XXV) by IR and NMR 
studies (Table XII ). 
Agathisflavone hexamethyl ether (XXV) under similar 
conditions gave a mixture of partial methyl ethers of 
agathisflavone as well as of cupressuflavone (Fig.V ). 
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The chromatogram (TLC) of the reaction mixture of 
XXV was identical with that of cupressuflavone hexa-
methyl ether (XXI) indicating demethylation as well as 
isomerization. 
i 
The demethylation seems to proceed in the order 
which is similar to that reported for mono -
and biflavonyls. It is noteworthy that the isomeri-
zation from C8-C8" to C6-C8" isomer and vice versa 
under controlled conditions proceeds with equal ease 
where as under drastic conditions the C6-C8" isomer 
is more favoured one. It appears that under mild 
conditions the reaction is kinetically controlled 
whereas under drastic conditions it is thermodynamically 
controlled. 
P A R T II 
BIFLAVONES FROM NATURAL SOURCES 
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BIFLAVONES PROM PQPOCARPUS GRACILIOR PILC-ER : 
A large number of plants have been examined for 
biflavonyls and with a few exceptions (Guttifereae, 
Casurianaceae, Euphorbiaceae) they are restricted 
mainly to the leaves of Gymnosperms. Very recently 
a number of optically active biphenyl type biflavones 
have been isolated from the plants belonging to Arau-
c a r i a c e a e ^ ' 3 3 , 3 4 - A s m a n y marphological and vascular 
characters along with the common and peculiar dis-
tribution of plants belonging to Araucariaceae and . 
Podocarpaceae strongly suggest a close phylogenetic 
relationship between these two families, the chemical 
investigation of plants of Podocarpaceae was undertaken. 
Leaves of Podocarpus .gracilior-' Pilger were pro-
cured from Porest Research Institute, Dehradun (U.P.). 
The phenolic extractives of the coarsly powdered 
leaves by solvent fractionation, column chromatography 
(magnesium silicate) followed by preparative thin 
layer chromatography ( silica gel ) yielded four com-
ponents. After establishing the homogeneity (TLC), 
they were obtained in fine crystalline forms. The 
usual colour reactions, ultraiolet spectra in ethanol 
and with various added diagnostic reagents indicated 
all of them to be flavonoids. The components were 
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labelled as WPG1, WPG2, WPG^ and WPG^. All the four 
compounds on methylation gave the same methyl ether 
( WPGc- ). The structures of all these compounds have 
been fully elucidated by UV, IR, NMR and mass spectral 
studies. Two components WPG^ and WPG2 showed optical 
rotation and thus constitute another example of 
optically active fully aromatic biphenyl type biflavones. 
4•,4"•, 5,5 ", 7,7"-Hexahydroxy-3',8"-biflavone (WPG^: 
WPGX (parent) m.pr>300° Rp 0.17 Mol.wt. 538 (M+) 
WPG1 (acetate) m.p.230-35° - " " 790 (M+) 
WPGX (methyl ether, m.p.210-12° Rj, 0.40 " " 622 (M+) 
WPGj- ) 5 
The mass spectrum of hexamethyl ether showed a 
base peak at m/e 622 (M+). There were various losses 
of 28,15 etc. but the other significant peak was at 
m/e 311 indicating that each flavonoid unit h-ad three 
methoxy groups. Using double irradiation technique 
it was possible to assignT value to each proton with 
the exception of H-3 and H-3" which could not be dis-
tinguished. The results of NMR studies of WPGj- are 
shown in Pig.YIand table XIII. 
» 
1 ! 
A ~J i i , i t 1 ——i——i— 
Fig. VI 
T A B L E - XIII 
Chemical shifts of protons in WPG, 
Signal Number of Protons J c/s Assignment 
3.52 (d) 1 3 H-8 
3.66 (d) 1 3 H-6 
3.38 (d) 1 - H-6" 
2.10 (q) 
1 I j r 8) J2= 3) H-6' 
2.88 (d) 1 8 H-5' 
2.16 (d) 1 3 H-2' 
2.62 (d) 2 9 H-2"•,6"» 
3.24- (d) 2 9 H-3"•,5"' 
3.4-8 
3.4-2 
(s) ) 
(s) ] 
2 - H-3,3" 
5.94-,6.08 6 - OMe-5,5" 
6.12, 6.18 6 - OMe-4-' ,4-" 1 
6.25,6,27 6 - OMe-7,7" 
s = singlet, d = doublet, q = quartet 
spectrum run in CDCl^ at 100 Mc/s, TMS as internal 
standard = T 10.00 
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Associated with rings B & E, there were evidenced 
ABX and A2B2 systems. Thus rings B & D of the biflavone 
seemed to be involved in interflavonyl linkage. In 
particular the T values showed that C-31 is linked to 
C-6" or C-8". The observation that in flavones, having 
an aromatic substituent at C-8, the 5-OMe group 
generally appears belowT6.0^( Table XIV), led us to 
believe that substituent (flavone unit) in WPG,- was 1? 
located at C-8"and not at C-6". 
T A B L E - XIV 
Biflavonoid 5-OMe 5"-OMe 
1. Cupressuflavone hexamethyl ether T 5 .88 t5 .88 
2. Amentoflavone hexamethyl ether T 6 .13 T5 .94 
3. Agathisflavone hexamethyl ether r 6 .41 t5 .95 
4- • Hinokiflavone pentamethyl ether 
( C^ ,-O-Cg,, ) T 6 .00 .92 
5. WPG,-5 T 6 .08 T5 .94 
Further all methoxy groups on change of solvent 
from deuterochloroform to benzene moved upfield as 
with cupressuflavone hexamethyl ether showing that 
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every methoxy group had at least one ortho proton and, 
therefore, a C-8" rather than C-6" linkage was con-
firmed. 
An authentic sample of + amentoflavone hexamethyl 
ether was shown to give an NMR identical with WPG^ 
in all respects including solvent dependent methoxy 
shifts. The IR, UV and mass spectra were also iden-
tical. Thus all the four components ( WPG^—WPG^) 
belong to the amentoflavone series. 
The results of NMR studies on hexaacetate of WPG^ 
are shown in table XV". 
T A B L E - XV 
Chemical shifts of protons of WPG., hexaacetate. 
Signal Number of protons J c/s Assignment 
2.73 (d) 1 3 H-8 
3.31 (d) 1 3 H-6 
2.97 (s) 
1.99 (q) 
1 
1 ( 
( 
J r 8) 
J2= 3) 
H-6" 
H-6' 
2.48 (d) 1 9 H-5' 
1.94 (d) 1 3 H-2' 
2.92 (d) 2 9 H-3"',5"« 
2.50 (d) 2 9 H-2" • ,6" ' 
3.30 (s) ) 
3.32 (s) ) 2 - H-3,3"' 
7.50,7.54 6 - OAc-5,5" 
7.89,7.93 6 - OAc-4',4"' 
7.67,7.72 6 — OAc-7,7" 
s = singlet, d = doublet, q = quartet 
spectrum run in CDCl^ at 100 Mc/s, TMS as internal 
standard =T10.00 
-97 -
The compound WPG^ was, thus, assigned the structure 
of amentoflavone (la). 
nH 
'-O-Methyl-^' ,5,5",7,7"-pentahydroxy-3' ,8"-bif lavone (WPG2) 
WPG2 (parent) m.p. 266-68° Rp 0.57 Hoi.wt.552 (M+) 
WPG2 (acetate) m.p. 253-54-° - Mol.wt.762 (M+) 
WPG2 (methyl ether, 21Q_12o H Q M o l. w t / 6 2 2 (M+) 
WPG. ) F 5 
Mass spectrum of WPG2 acetate m/e 762 (M+) showed 
it to be a monomethoxy pentaacetate of amentoflavone. 
The possibility of methoxy group being at 5 or 5" 
position was ruled out as in the parent compound itself 
there were two hydrogen bonded hydroxy groups atT-2.56 
.EtOH 
and -3»07 expected for these positions. TheAmo*appeared 
at 275 nm ( Band I ) and 335 nm ( Band II ). Addition 
of N/50 NaOEt caused a bathochromic shift of Band I 
with an increase in intensity and of Band II with a 
moderate decrease in intensity thus indicating that no 
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methoxy group was present at C-7 or C-7". The only 
position left for the methoxy group might be or 4"'. 
As B^ protons of ^Bg pattern of ring.B were found 
invarient in both WPG2 acetate and WPG2 methyl ether 
(Table XVI), the methoxy group was assigned to C-4"1. 
T A B L E - XVI 
Proton | Signal in 5 WPGp acetate jj WPGp methyl ether (WPG,-) 
J I fl _ _ _ p 
H-2' 1 .95 (d) 2.16 (d) 
H-5' 2.49 (d) 2.88 (d) 
H-6'. 2.00 (q) 2.10 (q) 
H-2"',6"' 2.58 (d) 2.60 (d) 
H-3",,5"' 3.21 (d) 3.24 (d) 
The appearance of ions at m/e 132 and 135 consistant 
with [c6H4(0Me) C = CH]+and [CgH^  (OMe) • CO]1" respectively 
in the mass spectrum of WPG2 further supported the 
assignment. 
WPG2 was, therefore, assigned the structure 
4",-0-methyl amentoflavone (le). 
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Further confirmation to the above structure was 
provided by the IK of WPG,,, which was found superi-
9 
mposable with that of an authentic sample. 
The results of NMR studies of WPGg acetate are 
shown in table XVII. 
T A B L E - XVII 
Chemical shifts of protons of WPGp acetate. 
Signal Number of protons J c/s Assignment 
2.75 (d.) 1 T; H-8 
3 .15 (d) 1 3 H-6 
3 .01 (s) 1 - H-6" 
1.95 (d) 1 3 H - 2 ' 
2 .48 (d) 1 3 H -5 ' 
2 .00 (q) 1 < J1= 9 ) H-6' 
( J 2= 3 ) 
3.4-0,3.42 (s) 2 - H-3,3" 
2 .58 (d) 2 —9 H-2"1,6" ' 
3 .21 (d) 2 H-3"»,5" • 
6 .25 5 - OMe-4"' 
7 .68 5 - OAc-4' 
7 . 5 1 , 9 . 5 6 6 - OAc-5,5" 
7.90,7.94- 6 - OAc-7,7" 
s = singlet, d = doublet, q = quartet 
spectrum run in CDC1, at 100 Mc/s, TMS as internal 
standardT= 10.00 5 
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The differences in m.ps. of WG^, WPG2, their 
Q a 
methyl ethers and those reported in literaturey 
( Table XVIII) appear due to the racemic nature of 
the earlier samples and the optical activity of the 
materials now isolated. 
WPGn r -/I25 + 6 
D 
1 [<l 
25 wg 2 r - 9 
D 
T A B L E - XVIII 
Compound jj Melting Point 
$ Optically § Optically 
$ inactive $ active 
i _ J 
Amentoflavone ( Parent 
( Acetate 
( Methyl ether 
Podocarpus-
flavone A 
( Parent 
( 
( Acetate 
( Methyl ether 
> 300° 
242-44° 
2 2 7 - 2 8 ° 
320-23° 
256-57 -o 225 
>300° 
230-31° 
2 1 0 - 1 2 ° 
268°(softening 
at 225-30°) 
253-54° 
210-12° 
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5,5",7,7,'-Tetrahydroxy-4' ,4" '-di-0-methyl-3 ' ,8"-biflavone(WPG^) 
WPG^ ( parent ) m.p.260-62° R^ , 0.54 Mol,wt .566(M+) 
WPG^ ( acetate) m.p.238-40° - Mol.wt.734(M+) 
V£PG^  ( methyl ether, V/PG5)m.p.212° R£1 0.4 Mol.wt.622(M+) 
The homogeneous compound was isolated by using 
counter current distribution (CCD) between ethyl methyl 
ketone ( 10 ml, equilibrated ) and borate buffer 
( pH 9.8, 10 ml). TLC examination of parent compound 
and mass spectrum of its acetate ( m/e 734, M ) indi-
cated WPGj to be dimethyl ether of amentoflavone. The 
structure of WPG^ was elucidated by a comparison of 
methoxy-, and acetoxy resonances of WPG^ acetate with 
those of authentic sapples ( Table XIX ). 
T A B L E - XIX 
Chemical shifts (T* scale ) of methyl and acetyl 
protons in pyridine solution. 
Compound $ Assigned position in biflavone nucleus 
£ 
Ginkgetin tetra- 6.27 ( 7.86) (7.48,7.48) 6.27 (7.9) 
acetate 
Podocarmpusflavone (7.94) 6.45 (7.52,7.46) 6.27 (7.84) 
B tetraacetate 
Isoginkegetin 6.24 6.39 (7.51,7.45)(7-74) (7.87) 
tetraacetate 
WPG^tetraacetate 6.27 6.42 (7.56,7.50)(7.78) (7.9 ) 
Numbers in parentheses represent acetoxy groups. 
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HMR of WPG, acetate was found, identical with that 5 
.of isoginkgetin tetraacetate. IE spectrum of WPG^ 
was also comparable with that of isoginkgetin^ WPG,, 
was, therefore, assigned the structure 5,5",7,7"-
tetrahydroxy-4',4"'-di-O-methyl-3',8" biflavone (Ig). 
tg 
5,5" ,7"-Trihydroxy-41 ,4"'' ,7-tri-0-methyl-3 ', 8*b if lavone (WPG^) 
WPG4 ( parent ) m.p.> 300° Rp 0.613 Mol.wt.580(M+) 
WPG^ (acetate ) m.p. 190-91° - Mol.wt.706(M+) 
WPG4 (methyl ether,WPG^) m.p. 212° R? 0.4 Mol.wt.622(M+) 
TLC examination of WPG^ and mass spectrum of its 
acetate ( m/e 706,M+) indicated that WPG^ was tri-O-methyl 
derivative of amentoflavone. The structure of WPG^ was 
elucidated by a comparison of methoxy-,and acetoxy 
resonances of WPG^ acetate with those of . authentic 
samples ( Table XX ). 
-118--
0? A B L E - XX 
Chemical shifts (T scale ) of methyl and acetyl 
protons in pyridine. 
Compound ft Assigned position in biflavone nucleus 
i * 
i  
4* 4. M • 5 5" i 7 rp II 
Sciadopitysin 6.24 6.42 (7.50, 7.4 7 ) 6.27 (7.9 ) triacetate 
Kayaflavone 6.2 7 6.40 (7.53, 7.4-2 ) (7.76) 6.20 triacetate 
WPG^triacetate 6.30 OJ KO (7.57, 7.4-6 ) (7.79) 6.24 
Numbers in parentheses represent acetoxy groups. 
NMR of WPG^ acetate was identical with that of 
kayaflavone triacetate. IR spectrum of WPG^ was also 
15 
comparable with that of kayaflavoneWPG^ was, therefore, 
assigned the structure 5 >5" ,7"-trihydroxy-41, 4"',7-tri-
0-methyl-3',8"-biflavone (Ii). 
Ii 
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BIFLAVONES FROM PODOCARPUS LATIFOLIUS : 
The phenolic extractives of dried leaves of Podo-
carpus latifolius ( procured from Forest Research Insti-
tute, Dehradun) after similar treatment as in P.gracilior 
yielded four components. After establishing the homo-
geneity (TLC), they were^obtained in fine crystalline 
forms. The usual colour reactions and ultraviolet 
spectra indicated them to be flavonoids. The compo-
nents were labelled as WPL^ WPL2, WPL^ and WPL^ in 
the increasing order of Rj, values. All the components 
on complete methylation gave the same methyl ether(WPL,_) 
which was identified as amentoflavone hexamethyl ether 
by m.p., mixed m.p., Rp value ( Table XXI), IR and 
NMR spectral studies. (Table XXII. and Fig.VlCfor NMR 
spectrum). 
T A B L E—XXI 
Compound * m.p. Rp value Mol.wt.(M+) 
WPI^ >300° 0.173 538 
WPL^ acetate 227-28° - 790 
WPL2 > 300° 0.373 552 
WPLg acetate 164-65° - 762 
ft/PL, 
WPL^ acetate 
273° 0.540 566 
164-66° - 734 
>300 0.613 580 
WPL^ acetate 173-74° - 706 
WPL5(methyl ether) 
210-12° 0.4 622 
* m.ps. are uncorrected. 
Fig- v i l 
-105 - -
TLC examination of parent compounds and mass 
spectra of their acetates ( Table XXI ) indicated 
these compounds ( WPL^—-WPL^ ) to be parent, mono-, 
di-, and tri-O-methyl derivatives of amentoflavone. 
The structures of WPL^ WPL^ _ were elucidated by 
a comparison of methoxy-,and acetoxy resonances of 
the acetates of these compounds with those of authentic 
samples. NMR spectra of acetates of WPL^ WPL^ are 
given in Fig.VIII. The IR spectra of WPL^ were 
identical in all respects with those of authentic samples. 
Thus on the basis of NMR and IR studies the com-
ponents WPL^ WPL 1^ were assigned the structures 
amentof lavone la, bilob'tin"1^  Ic, isoginkgetin1^ Ig and 
kayaflavone1^ Ii respectively. 
R R' R" R" 
wpLl (la) H H H H 
w p l 2 (Ic) H Me H H 
w p l 3 (Ig) H Me H Me 
wp l , (Ii) H Me Me Me 
/?wento^avone acetate 
Fig. VI I I 
- 39Hk& al Sati 
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T A B L E - XXII 
Chemical shifts (Tscale)of protons of methyl and acetyl groups 
in pyridine solution. 
Compound 5 Assigned position in biflavone nucleus 
I V 4" ' 5 5" 7 7" 
WPL-, acetate (1 .96) ( 7.86) (7.56) (7.48) (7.77) (7.88) 
Amentoflavone 
hexaacetate (7.97) 
(7.86) (7.55) (7.4-8) (7.78) (7.89) 
WPL2 acetate 6.28 (7.86) (7.53) (7.50) (7.78) (7.90) 
Bilobtin 
pentaacetate 
6.28 (7.85) (7.53) (7.4-9) (7.76) (7.90) 
Podocarpusflavone 
A pentaacetate (7.95) 
6.44 (7.56) (7.^8) (7.78) (7.84) 
Sotetsuflavone 
pentaacetate (7.95) (7.85) (7.55) 
(7.48) (7.78) 6.24 
WPL, acetate 6.22 6.42 (7.55) (7.4-9) (7.78) (7.90) • 
Isoginkgetin 
tetraacetate 
6.24 6.39 (7.51) (7.45) (7.74) (7.87) 
Binkgetin 
tetraacetate 6.27 
(7.86) (7.4-8) (7.48) 6.27 (7.90) 
Podocarpusflavone 
B tetraacetate 
(7.94) 6.45 (7.52) (7.46) 6.2 7 (7.84) 
WPL^acetate 6.28 6.40 (7.53) (7.43) (7.78) 6.22 
Kayaflavone 
triacetate 6.27 
6.40 (7.53) (7.42) (7.76) 6.20 
Sciadapitysin 
triacetate 
6.24 6.42 (7.50) (7.47) 6.27 (7.90) 
V/PL^ (methyl ether) 6.22 6.41 6.29 6.02 6.22 6.28 
Amentof lavone hexa' 
methyl ether - 6.25 
6.41 6.25 5.94 6.25 6.18 
Numbers in parentheses show the chemical shifts of acetoxy 
protons. 
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Noteworthy feature of Podocarpus species is that 
the nature here seems to "be carefully systematic in 
synthesizing parent biflavone, its mono-,di-, and 
trimethyl ethers. It is interesting to note that the 
methylation of amentoflavone seems to proceed in order 
of 4"'-4'-7" ( WG1~WPG2~WPG5—WPG^ ) in Podocarpus 
gracilior and 4'-4,,,-7,r (WPI^--WPI^--WPI^—WPL^) in 
P.latifolius and 4'"-7-4' ( WPMj--WPMg—WPM^—WPM^ ) 
59 in P.macrophylum. 
Furthermore, the fact that optically active biphenyl 
type biflavones are present in both Podocarpaceae as 
well as Araucariceae gives a strong support to our 
suggestion that these two families are closely related 
to one another. This may prove to be of a great 
significance to chemotaxonomists. 
BIFLAVONES OF ZAMIA ANGUSTIFOLIA; 
There are a few surviving types of ancient, 
primitive seed plants. These organisms are Cycads and 
Ginkgo. These 'living fossils' clearly represent the 
last vestiges of formerly diversified and widely dis-
tributed lives of gymnospermous plants. 
In our attempts to shed light on the phylogenetic 
relationship between Cycads and Ginkgoales, the chemical 
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investigation of Zamia angustifolia Facq ( Z.floridana A.DC.), 
family Cycadaceae, subfamily Zamiodeae was undertaken. 
Leaves of Zamia angustifolia were procured. . from 
Horticulture Research Station, Saharanpur (U.P.). The 
phenolic extractives of the coarsely powdered and dried 
leaves by solvent fractionation, column chromatography 
( magnesium silicate) followed by preparative thin 
layer chromatography ( silica gel ) yielded five com-
ponents. The fractions WZ-^WZ^WZ^, WZ^ by TLC as 
well as by counter current distribution (CCD) method 
we re found homogeneous. The fraction WZ2, although 
homogeneous on TLC examination,was separated into two 
components WZ2 and WZ2^ by CCD between ethyl methyl 
ketone and borate buffer ( pH 9.8 ). The usual colour 
reactions and ultraviolet spectra in ethanol and with 
various added diagnostic reagents indicated all of 
them to be flavonoids. All the six components on 
complete methylation gave the same methyl ether (WZg), 
thus indicating that all of them belonged to the same 
series. The methyl ether was identified as amentoflavone 
hexamethyl ether by m.p.,mixed m.p., Rp value, IR and 
NMR spectral studies ( see table XXIV and Pig.IX for 
NMR spectrum of WZg). 
R-p values of the parent compounds (WZ1 WZ^) and 
mass spectra of their acetates indicated them to be 
parent, mono-,(both WZ2 and WZ2b), di-,tri-, and tetra-O-
methyl derivatives of amentoflavone. ( Table XXIII). 
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T A B L E - XXIII 
Compound * m.p. R F Mol.wt.(M+) 
WZ^ parent > 3 0 0 ° 0 . 1 7 3 5 5 8 
WZ^ acetate 2 2 7 - 2 8 ° - 7 9 0 
WZ2a parent > 3 0 0 ° 0 . 3 7 3 5 5 2 
WZ2a acetate 176-77 0 - 7 6 2 
WZ2b parent > 3 0 0 ° 0 . 3 7 3 5 5 2 
WZ2b acetate 2 4 5 - 4 7 ° - 7 6 2 
WZ^ parent > 3 0 0 ° 0 . 5 4 0 5 6 6 
WZ-, acetate 
5 
1 8 0 - 8 3 ° - 7 3 4 
WZ^ parent 2 8 0 ° 0 . 6 1 5 5 8 0 
WZ^ acetate 2 5 2 - 5 5 ° - 7 0 6 
WZ^ parent 2 6 7 - 6 8 ° 0 . 7 6 5 5 9 4 
WZ^ acetate 2 1 2 - 1 5 ° - 6 7 8 
WZg(methyl ether ) 2 1 7 - 2 0 ° 0 . 4 1 4 6 2 2 
* m.ps. are uncorrected. 
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structures of WZ^—WZ,- were elucidated by a 
comparison of methoxy-, and acetoxy resonances of 
WZ1—WZ,- acetates with those of authentic samples (Table XXIV). 
NMR spectra of WZ-^—WZ^ acetates are shown in Fig.X. 
The fractions WZ^—V/Z^ haye, thus, been assigned 
the structures of amentoflavone (la), bilobtin"^ (Ic), 
sequoiSflavon^ (Id), ginkgetin1^ (Ih), sciadopitysin'^Ij) 
and tetra-O-methyl amentof lavone'7® (II) respectively. 
R 
/// 
OH 0 
R R R" 
WZ1 (la) 
WZ2a(Ic) 
wz2b(id') 
wz5 (Ih) 
wz4 d o ) 
WZ. (II) 
Me Me H 
Me Me Me Me 
Me Me H 
Me H 
H 
H 
Me H 
H H 
H 
Me 
H 
H 
H 
H 
' 1 . _L 
l .jL. 
1 : 1 -7— , • | 1 1 1
Fig. IX 
( c o n t d ) Fig. X 
/jmento^ tavone acefete ^  
Fig. X 
- 1 1 1 - -
0? A B L £ - XXIV 
NMR signals (Tscale) of methyl and acetyl protons in pyridine solution. 
Compound 8 Assigned position in biflavone nucleus i 4' 5 5" 7 7" 
WZ-^  acetate (7.96) (7.86) (7.56) (7.48) (7.77) (7.88) 
Amentoflavone 
hexaacetate (7.97) 
(7.86) (7.55) (7.48) (7.78) (7.89) 
WZ2a acetate (7.96) (7.87) (7.54) (7.49) 6.28 (7.90) 
WZ2b ace-t;a-te 6.28 (7.87) (7.54) (7.49) (7.78) (7.90) 
Podocarpusflavone 
A pentaacetate (7.95) 
6.44 (7.56) (7.48) (7.78) (7.84) 
Sotestsuflavone 
pentaacetate (7.95) 
(7.86) (7.55) (7.48) (7.77) 6.18 
Bilobtin penta-
acetate 
6.28 (7.85) (7.55) (7.49) (7.76) (7.90) 
Sequoiaflavone pentaacetate 
(7.95) (7.85) (7.53) (7.49) 6.28 (7.90) 
WZ acetate . 6.27 (7.87) (7.50) (7.50) 6.27 (7.91) 
Ginkgetin tetraacetates.2-7 (7.86) (7.48) (7.48) 6.2 7 (7.90) 
Isoginkgetin 
tetraacetate 
6.24 6.59 (7.5D (7.45) (7.74) (7.87) 
Podocarpusflavone 
B tetraacetate 
(7.94) 6.45 (7.52) (7.46) 6.27 (7.84) 
WZ^ acetate 6.28 6.45 (7.52) (7.50) 6.26 (7.91) 
Kayaflavone 
triacetate 6.27 
6.40 (7.53) (7.42) (7.76) 6.20 
Sciadopitysin 
triacetate 
6.24 6.42 (7.50) (7.47) 6.27 (7.90) 
WZC acetate 5 WZg(methyl ether) 
6.28 6.41 (7.51) (7.43) 6.28 6.24 
6.2 7 6.41 6.19 6.02 6.22 6.22 
Amentoflavone hexa-
methyl ether 6.25 
6.41 6.13 5.94 6.25 6.18 
Numbers in parentheses show the chemical shifts of acetoxy protons 
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The plant constitutes the first noteworthy example 
where the co-occurrence of five components starting right 
from the parent to the tetramethyl ether of the same 
series ( amentoflavone) has been observed. It is not 
possible to infer whether this plant has been most 
seriously investigated or nature here seems to be excep-
tionally systematic in synthetic processes. 
It may be worth mentioning that despite their 
dissimilar vegetative features the Gycads and Ginkgo1 biloba, 
a plant of considerable botanical and taxonomic interest, 
resemble one another closely not only in many details 
of their reproductive structures and processes but also 
in synthesizing identical biflavonoidic components 
( i.e. bilobtin, ginkgetin and sciadopitysin)?^ 
The methylation of biflavone nucleus in Zamia 
angustii&Lia seems to proceed in the order WZ^—*^2a o r 
W Z 2 b — W Z 3 — — w h i c h means in the order 4-' or 
a 
7-(7?4' )-4" '-7 positions whereas in Ginkgo biloba the 
order of methylation is 4'-4"'-7 or 4'-7-4" 
C O N C L U S I O N S 
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ISOMERIZATION AMD RACEMIZATION OF OPTICALLY ACTIVE BIFLAVONES; 
I. ' (+) Cupressuflavone hexamethyl ether under the 
conditions of Wessely-Moser rearrangement underwent 
isomerization and racemization to (+) agathisflavone 
(major). The reaction mixture was also found to 
contain a sizeable amount of unisomerized but 
racemized cupressuflavone. 
II. (+) Agathisflavone hexamethyl ether on similar 
.treatment gave (+) agathisflavone (major) and (+) cup-
ressuf lavone. 
III. No trace of theoretically possible C6-C6" linked 
biflavone could be detected in either case. 
IV. The structures of both the isomerized as well as 
unisomerized compounds were elucidated by NMR 
studies including double irradiation technique. 
The mode of interflavonyl linkage in each case 
was established by solvent induced shifts of methoxy 
resonances. 
V. A mechanism based on the intermediacy of tetraketone 
during the observed isomerization-racemization has 
been postulated. 
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PARTIAL DEMETHYLATION OF BIFLAVONES: 
I. Partial demethylation of cupressuflavone and 
agathisflavone hexamethyl ethers gave eight 
components (1-8) in each case. 
II. Three major components WH1,WH2 and WH3 were 
characterized as 7,7"-di-0-methyl-,4',7,7"-tri-0-
methyl-, and 4',4"',7,7"-tetra-0-methyl cupressu-
flavone respectively by chromatographic, NMR and 
mass spectral studies. 
III. The isomerization during demethylation under 
controlled conditions is noteworthy. 
IV. The isomerization from C8-C8" to C6-C8" isomer and 
vice versa under controlled conditions proceeds 
with equal ease whereas under drastic conditions 
the C6-C8" isomer is more favoured one. It appears 
that under mild conditions the reaction is 
kinetically controlled whereas under drastic 
conditions it is thermodynamically controlled. 
BIFLAVONES FROM NATURAL SOURCES : 
A number of biflavones belonging to amentoflavone 
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series have been isolated from (a) Podocarpus gracilior 
(b) Podocarpus latifolius and (c) Zamia angustifolia. The 
structure of each compound has been elucidated by UV,IR, 
NMR and mass spectral studies. The biflavones obtained 
from each source are detailed below:-
Podocarpus gracilior : 
(i) Amentoflavone 
(ii) Podocarpusflavone A 
(iii) Isoginkgetin 
(iv) Kayaflavone 
The two components, amentoflavone and podocarpusflavone A 
were found to be optically active. The methylation of 
biflavone nucleus seems to proceed in the order . 
Podocarpus latifolius : 
(i) Amentoflavone 
(ii) Bilobtin 
(iii) Isoginkgetin 
(iv) Kayaflavone 
The methylation of biflavone nucleus seems to proceed 
in the order 4'-4"'-7". 
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Zamia angustifolia : 
(i) Amentoflavone 
(ii) Bilobtin 
(iii) Sequoiaflavone 
(iv) Ginkgetin 
(v) Sciadopitysin 
(vi) •,7,7"-tetra-0-methyl amentoflavone 
The methylation of biflavone nucleus in this case 
proceeds in the order 4-•(7)-7(4-')-4"'-7". The source 
constitutes the first example where members of the same 
series right from the parent compound to tetramethyl 
ether occur together. 
E 1 P E S I M E H U L 
P A R T I 
SYNTHETIC STUDIES ON BIFLAVONOIDS 
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METHYLATION Off OPTICALLY ACTIVE BIFLAVONES : 
The hexamethyl ethers of optically active cupressu-
flavone, agathisflavone, and amentoflavone were prepared 
by the complete methylation of cupressuflavone (Cupressus 
funebris), 7,4"'-di-O-methyl agathisflavone ( Agathis 
robusta) and amentoflavone ( Podocarpus gracilior). The 
methylation of cupressuflavone as described below represents 
the typical procedure for the preparation of biflavone 
hexamethyl ethers. 
CUPRESSUPLAVONE HEXAMETHYL ETHER : 
A mixture of cupressuflavone ( 1 g ), potassium 
carbonate ( 10 g ) and dimethyl sulphate ( 5 g ) in acetone 
(250 ml ) was refluxed for 15 hr. The reaction mixture 
was filtered and the solvent recovered. The yellow 
residue left behind was taken in chloroform in a separatory 
funnel. The chloroform extract was washed several times 
with water. It was concentrated to 20 ml and was purified 
by preparative thin layer chromatography. The hexamethyl 
ether band was marked under UV light and was 'scraped". It 
was eluted with acetone and the eluent on evaporation gave 
a homogeneous product which crystallized from CHCl^-MeOH 
as fine colourless needles (750 mg), m.p. 
295 , Rf 0.45, 
+ 35 ( pyridine/ethanol, 1 uig/ml). 
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AGATHISFLAVONE HEXAMETHYL ETHER ; 
7,4"'-Di-0-methyl agathisflavone ( 1 g ) on complete 
methylation yielded agathisflavone hexamethyl ether which 
crystallized from CHCl^-MeOH as fine colourless needles 
(720 mg), m.p.152°, Rp 0.45, ^ + 5 0 (pyridine/ethanol, • 
1 mg/ml). 
ISOMERIZATION AND RACEMIZATION OF CUPRESSUFLAVONE 
HEXAMETHYL ETHER: 
Cupressuflavone hexamethyl ether (500 mg), m.p.295°, 
feC]2^  + 35, hydriodic acid ( 14 g; d, 1.7 ) and acetic 1 D 
anhydride (2.6 ml) were refluxed on oil bath at 130-140° 
for 8 hr. The reaction mixture was poured into ice cold 
sodium thiosulphate solution ( 5$, 250 ml). The yellow 
precipitate was filtered, washed with water and dried. 
It was remethylated by the usual procedure. The remethylated 
product was separated by preparative thin layer chromato-
graphy into two homogeneous fractions. 
CUPRESSUFLAVONE HEXAMETHYL ETHER ( FRACTION A ): 
Colourless needles ( 80 mg ) ( CHClj-MeOH ), 
m.p.299°, Rf 0.43, [oCP + 0 ( pyridine/ethanol, 1 mg/ml). 
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NMR ( CDG1X). VALUES ARE OUT SCALE; 
5.83 (6H, 2-OMe); 6.14 (6H, 2-OMe); 6.22 (6H, 2-OMe); 
3.41 ( S,2H,H-3);3.43 (s,2H,H-6); 2.70 (d, J » 9 c/s, 
4H, H-2' , 61 ); 3-23 (d, J « 9 c/s, 4H,H-3,,5'). 
On change of solvent from CDCl^ to C^Hg the methoxy 
resonances shifted upfield by 53 c/s (6H), 75 c/s (6H) 
and 49 c/s (6H). 
MASS SPECTRUM: 
Main peaks appeared at: 622 (100); 621 (58); 607 (8); 
592 (18); 576 (4); 312 (7); 311 (14); 245 (11); 135 (26) 
and 132 (14). 
AGATHISPLAVONE HEXAMETHYL ETHER ( FRACTION B. ,) : 
Colourless needles ( 120 mg ) ( CHCl^-MeOH ), m.p.242°, 
Rp 0.45, + 0 ( pyridine/ethanol, 1 mg/ml). 
D 
NMR ( CPC13). VALUES ARE ON T SCALE: 
5.95 ( s, 3H, 1-OMe); 6.12 ( s, 3H, 1-OMe); 6.14 (s,3H,l-OMe) 
6.22 (s,3H,1-OMe); 6.26 ( s, 3H, 1-OMe); 6.41 ( s,3H, 1-OMe); 
2.12 ( d, J « 9 c/s, 2H,H-2',6'); 2 .99 ( d,J = 9 c/s, 2H, 
H-3',5'); 2.63 ( d, J = 9 c/s, 2H,H-2"\6'"); 3.22 ( d, J = 9 
2H, H-3"',5"'); 3.49 and 3.47 ( s, 2H,H-3,3"); 3.36 ( s, IH, 
H-6"); 3.09 ( s, lH,H-8). 
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On change of solvent from CDCl^ to O^H^ the methoxy 
resonances shifted upfield by 59 c/s (3H), 55 c/s (3H), 
53 c/s (3H), 51 c/s (3H), 45 c/s (3H) and downfield by 
27 c/s (3H). 
MASS SPECTRUM: 
Main peafcs appeared at: 622 (89); 607 (54); 591 (98); 
573 (24); 561 (15); 521 (12); 497 (24); 325 (20); 3 H (100); 
281 (12); 245 (22) and 135 (65). 
ISOMERIZATION AND RACEMIZATION OF AGATHISFLAVONE 
HEXAMETHYL ETHER : 
Agathisflavone hexamethyl ether (200 mg), m.p.152°, 
foCl25 + 30, hydriodic acid ( 5 g; d, 1.7) and acetic 1 D 
anhydride ( 1 ml ) were refluxed on an oil bath for 8 hr 
at 130-140°. The product, by the usual work up followed 
by remethylation was separated by preparative thin layer 
chromatography into two fractions I and II. 
CUPRESSUFLAVONE HEXAMETHYL ETHER ( FRACTION I ) : 
Colourless needles ( 10 mg) ( CHCl^-MeOH), m.p.299°, 
R® 0.43, + 0 (pyridine/ethanol, 1 mg/ml). 
D 
NMR ( CDC1_).VALUES ARE ONTSCALE: 2 . 
5.88 (6H,2-0Me); 6.14 (6H,2-0Me); 6.22 (6H,2-0Me); 3.41 (s,2H, 
H-3); 3.43 (s,2H,H-6); 2.70 (d, J* 9 c/sj 4H,H-2',6»); 
3.23 (d, <J= 9 c/s, 4H, H-3',5'). 
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On change of solvent from CDCl^ to C^H^ the 
methoxyl resonances shifted upfield by 55 c/s (6H), 
75 c/s (6H) and 49 c/s (6H). 
MASS SPECTRUM : 
Main peaks appeared at: 622 (100); 621 (38); 607 (8); 
592 (18); 576 (4); 312 (7); 311 (14); 245 (11); 135 (26) 
and 152 (14). 
AGATHISPLAVQNE HEXAMETHYL ETHER ( FRACTION II ) : 
Colourless needles ( 96 mg-) ( CHCl^-MeOH), m.p.242°, 
Hg. 0.45, foCl25 + 0 (pyridine/ethanol, 1 mg/ml). 
JD 
NMR ( CPC13 ). VALUES ARE ON T SCALE: 
5.95 ( s, 3H,1^0Ma); 6.12 ( s, 3H,1-OMe); 6.14 ( s,3H,1-OMe); 
6.22 (s, 3H, 1-OMe); 6.26 ( s,3H,1-OMe); 6.41 ( s,3H,1-OMe); 
2.12 ( d, J= 9 c/s, 2H,H-2',6'); 2.99 ( d, J= 9 c/s,2H,H-31,5'); 
2.63 (d, J= 9 c/s, 2H,H-2" 1,6 " 1); 3-22 ( d, J* 9 c/s,2H, 
H-3" • ,5" •); 3.49, 3.4-7 ( S, H-3,3"); 3.36 ( s,lH,H-6"); 
3.09 ( s, IH, H-8). 
On change of solvent from CDCl^ to C^Hg the methoxyl 
resonances shifted upfield by 59 c/s, 53 c/s, 51 c/s, 
45 c/s and downfield by 27 c/s. 
MASS SPECTRUM : 
Main peaks appeared at: 622 (89); 607 (54-); 591 (98); 
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573 (24); 561 (15); 521 (12); 497 (24); 325 (20); 311 (100); 
281 (12); 245 (22) and 135 (65). 
ISOMERIZATION AND RACEMIZATION Off AMENTOFLAVONE 
HEXAMETHYL ETHER : 
Amentoflavone hexamethyl ether (200 mg ), m.p.210°, 
[oCj2^  + 28, hydriodic acid ( 5 g; d, 1.7 ) and acetic 
anhydride ( 1 ml ) were refluxed for 8 hr on an oil bath 
at 130-140°. The product, by the usual work up followed 
by remethylation was separated by preparative thin layer 
chromatography into two components. 
AMENTOFLAVONE HEXAMETHYL ETHER ( COMPONENT I ) : 
Colourless needles ( 100 mg ) ( CHCl^-MeOH ), 
m.p.227-28°, Rp 0.40, [oC]25 + 0 (pyridine/ethanol, 1 mg/ml). 
NMR ( CPC13). VALUES ARE ONT SCALE: 
5.94 (s, 3H, 1-OMe); 6.08 (s, 3H, 1-OMe); 6.12 (s,3H,l-0Me); 
6.18 (s,3H, 1-OMe); 6.25 (s,3H,1-OMe); 6.27 (s,3H,1-OMe); 
2.16 (d,J= 3 c/s, 1H,H-2'); 2.10 ( q, J 9 c/s, Jg- 3 c/s, 
1H, H-6'); 2.88 ( d, J- 9 c/s, lH,H-5!); 2.62 (d, J- 9 c/s, 
2H,H-2"',6"'); 3.24 (d, J= 9 c/s, 2H,H~3"•,5"1); 3.48,3.42 
( s, 2H,H-3,3"); 3.38 (s,lH,H-6"); 3.52 ("d,J = 3 c/s,lH,H-8); 
3.66 ( d, J= 9 c/s, lH,H-6). 
On change of solvent from CDCl^ to C^Hg all the 
methoxyl resonances shifted upfield by more than 45 c/s. 
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MASS SPECTRUM : 
Main peaks appeared at : 622 (100); 607 (33); 592 (8); 
576 (10); 312 (2); 311 (5); 245 (5); 135 (16) and 132 (8). 
Hexa-O-methy1-6,6"-biflavone ( COMPONENT II ) : 
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Colourless needles ( 5 rag ) ( CHCl^-MeOH ), m.p.292°, 
Rp 0.50, ± 0 ( pyridine/ethanol, 1 mg/ml ). 
NMR and mass spectra could not be taken due to small 
quantities of the material available. 
PARTIAL DEMETHYLATION OF GUPRESSUFLAVONE HEXAMETHYL ETHER : 
A mixture of cupressuflavone hexamethyl ether (500 mg), 
m.p.295°, fcC]2^ + 35, hydriodic acid ( 8 ml;d,1.7), L D 
phenol ( 0.5 ml ) and acetic anhydride ( 1.5 ml ) was 
heated at 100° for 1 hr and poured into ice cold sodium 
thiosulphate solution ( 5^,200 ml). The yellow preci-
pitate was filtered, washed with water and dried. It 
was separated into eight components ( 1-8 ) by prepara-
tive thin layer chromatography ( silica gel G,E.Merck ) 
using benzene: pyridine: formic acid ( 36:9:5 ) a s the 
developing solvent system. The fractions 4,6 and 8 were 
labelled as WH1, WH2 and WH3. 
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,4-" 1,5,5"-Tetraacetoxy-7,7"-di-0-methyl cupressuf lavone : 
A mixture of WH1 ( 50 mg ), pyridine ( 1 ml ) and 
acetic anhydride was heated on a boiling water bath for 
2 hr. The reaction mixture was poured onto crushed ice 
and left overnight. After the usual work up a white 
solid was obtained which crystallized from OHCl,-EtOH 
in the form of fine colourless needles ( 30 mg ), 
m.p.276°. NMR.T ppm: 7.80 ( s,6H,0Ac-41,4"•); 7.52 
( s, 6H, OAc-5,5"); 6.18 ( s, 6H, OMe-7,7"). 
CUPREBSUFLAVONB HEXAMETHYL ETHER . 
A mixture of WH1 ( 35 mg ), methyl iodide ( 1 ml ) 
and potassium carbonate ( 1 g ) was refluxed in acetone 
( 100 ml ) for 12 hr. Work up of the reaction mixture 
gave a light yellow solid. It was purified by preparative 
thin layer chromatography to yield a white solid which 
crystallized from CHClj-MeOH as fine colourless needles 
( 15 mg ), m.p. 299°, Rp 0.43. NMR.T ppm: 6.25 ( s,6H, 
OMe-4',4"'); 5.88 ( s, 6H, OMe-5,5"); 6.15 (s, 6H,OMe-7,7"). 
Complete methylation of WH2 and WH3 was accomplished 
separately by the same procedure as described above. The 
product obtained in each case was characterized as 
cupressuflavone hexamethyl ether by its identical chroma-
tographic and spectral behaviour with that of an authentic 
sample. 
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'>5,5"-Triacetoxy-4',7,7"-tri-0-methyl cupressuflavone . 
WH2 ( 50 mg ) was acetylated with pyridine ( 1 ml ) 
and acetic anhydride ( 1 ml ), A white solid was obtained 
which slowly crystallized from CHGl^-EtOH as fine colour-
less needles ( 30 mg ), m.p.265°. NMR. Tppm:7.73 C s, 3H, 
0Ac-4*); 6.22 ( s, 3H, OMe-4"'); 7.48 ( s, 6H, OAc-5,5"); 
6.16 ( s, 6H, OMe-7,7")» 
5,5"-Piacetoxy-4t ,4"' ,7,7"-tetra-0-methyl cupressuf lavone : 
WH3 ( 55 mg ) was acetylated with pyridine ( 1 ml ) 
and acetic anhydride ( 1 ml ). The acetate crystallized 
from CHClj-EtOH as colourless needles ( 35 mg )» m.p.165°. 
NMR. T ppm: 6.22 ( s, 6H, 0Me-4,,4H'); 7.48 ( s, 6H,OAc-5,5")5 
6.16 ( s, 6H, OMe-7,7"). 
AGATHISFLAVONE HEXAMETHYL ETHER : 
A mixture of fractions 3,5 and 7 ( ca. 40 mg ) was 
methylated with methyl iodide ( 1.5 ml ) and potassium 
carbonate ( 1 g ) in acetone ( 150 ml ). It was purified 
by preparative thin layer chromatography ( silica gel G, 
E.Merck) to give a homogeneous product which crystallized 
from GHClj-MeOH as fine colourless needles ( 20 mg ), 
m.p. 242°, R- 0.45, + 0 (pyridine/ethanol, 1 mg/ml). D 
NMR.T ppm : 6.22 ( s, 3H, OMe-4'); 6.26 (s, 3H, OMe-4'*'); 
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5.95 ( s , 3H, OMe-5); 6 . 4 1 ( s , 3H, OMe-5"); 6.12 ( s , 3H, 
OMe-7); 6.14. ( s , 3H, OMe-7"). 
PARTIAL DEMETHYLATION 0? AGATHISPLAVONE HEXAMETHYL ETHER : 
A mixture of ags.th.isflavone hexamethyl ether (200 mg) 
m.p. 152°, + 30jhjhdr^ radiiie acid ( 1.5 ml; d,1.7), 
phenol ( 0.1 ml ) and acetic anhydride ( 0.3 ml ) was 
heated at 100° for 1 hr and poured into ice cold sodium 
thiosulphate solution ( 5$, 200 ml ). The separated 
solid was filtered, washed with water and dried. The 
chromatogram (TLG) of the reaction product was identical 
with that obtained earlier by the partial demethylation 
of cupressuflavone hexamethyl ether. 
P A R T II 
BIFLAVONES. FROM NATURAL SOURCES 
1. Zamia angustifolia 
2. Podocarpus gracilior 
3. Podocarpus latifolius 
-127- -
EXTRACTION OF BIFLAVONES FROM LEAVES OF ZAMIA 
ANGUSTIFOLIA FACQ. ( Z.FLORIDONA A,DC. ); 
Dried and powdered leaves of Zamia angustifolia 
( 0.75 kg ) were completely exhausted with petroleum 
ether ( 40-60°). The petrol extracts were concentrated 
first at atmospheric pressure and then under diminished 
pressure. An oily green residue left behind gave 
negative test for flavonoids and was rejected. 
The petrol treated leaves were completely dried and 
/ 
exhausted with boiling acetone till the extract was 
almost colourless. The combined acetone extracts were 
concentrated first at atmospheric pressure and then under 
reduced pressure. A gummy dark green mass was obtained. 
This was refluxed with petroleum fcther ( 40-60° ), 
benzene and chloroform successively till the solvent 
in each case was almost colourless. The residue left 
behind was then treated with boiling water. The 
insoluble mass was dissolved in alcohol and dried under 
reduced pressure. A solid green residue ( 2.5 g ) thus 
obtained responded to usual flavonoid colour tests. 
PURIFICATION OF BIFLAVONE MIXTURE-COLUMN CHROMATOGRAPHY : 
A well stirred suspension of magnesium silicate 
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(Woelmj 120 g ) in dry petroleum ether ( 40-60°; 400 ml ) 
was poured into a column ( 150 cm long and 50 mm in 
diameter). When the adsorbent was well settled, the 
excess petroleum ether was allowed to pass through 
the column. The crude mixture of biflavones ( 2.5 g ) 
was dissolved in dry acetone ( 40 ml ) and was added to 
the column. After development of the column a circular 
filter paper was placed on the top of the adsorbent. The 
column was run in with organic solvents in the increas-
ing order of polarity. The results are given below in 
table XXV. 
T A B L ii - XXV 
Solvent Nature of the product 
1. Petroleum ether ( 40-60° ) greenish gummy mass 
2. Benzene green waxy product 
3. Chloroform green oily product 
4. Ethyl acetate yellow solid (500 mg) 
5. Acetone — d o — (200 mg) 
— d o — (500 mg) 
brownish gummy mass 
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The fractions obtained with ethyl acetate, acetone 
and ethyl acetate ( saturated with water ) gave usual 
colour tests for flavones. 
COLOUR TESTS: 
1. Magnesium + hydrochloric acid orange 
2. Alcoholic ferric chloride dark green 
3. Zinc + hydrochloric acid red 
4. Sodium amalgam + hydrochloric acid pinkish violet 
SEPARATION Off BIFLAVONE MIXTURE-PREPARATIVE THIN 
LAYER CHROMATOGRAPHY : 
Using thin layer spreader, ( Desaga-Heidelberg) 
glass plates ( 20 x 20 cm ) were coated with a well 
stirred suspension of silica gel G ( E.Merck; 50 g, 
95 ml water ) to give a layer approximately 0.5 mm in 
thickness. After drying for 2 hr at room temperature, 
the plates were activated at 110-120° for 1 hr and 
preserved in a desiccator until required. 
Thin layer chromatographic examination of the yellow 
pigments obtained as a result of elution with ethyl 
acetate, acetone and ethyl acetate (saturated with water ) 
in seven solvent systems listed below indicated that 
five components were present in each fraction. Ethyl 
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acetate (saturated with water) fraction, however, con-
tained first three as major components whereas the other 
« 
two were mainly present in ethyl acetate and acetone 
fractions. These- three fractions ( 1.2 g ) were 
combined and were subjected to preparative thin layer 
chromatography. 
SOLVENT SYSTEMS USED: 
(a) Benzene: pyridine: formic acid 36:9*5 
(b) Toluene: pyridine: acetic acid 5*4:1 
(c) Toluene: pyridine: acetic acid 10:1:1 
(d) Benzene: ethyl acetate: acetic acid 8:5:2 
(e) Benzene: ethyl formate: pyridine:dioxan 5*2:1:2 
(f) Benzene:acetone 7:3 
(g) Benzene:acetone 5*5 
In solvent system (a) the spots were compact and 
the differences in Rj, values were so marked as to make 
it the developing system of choice for preparative thin 
layer chromatography. This solvent system was used for 
all the subsequent separations of biflavones. 
Solution of pure biflavonoidic mixture (4$) in 
pyridine was applied to plates with the help of mechanical 
applicator ( Desaga, Heidelberg) 2 cm from the lower edge 
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of the plates. The plates mounted on stainless steel 
frames were placed int a Desaga glass chamber (4-5 x 22 x 25 cm) 
containing 500 ml of the developing solvent ( benzene: 
pyridine:formic acid, 36:9:5). When the solvent front 
travelled 15 cm from the starting line the development 
was interrupted and the plates were dried at room tempe-
rature. The positions of the bands were marked in UV 
light. The marked pigment zones were 'scraped with the 
help of a spatula and eluted in separate columns with dry 
acetone. The eluents were evaporated to give oily 
liquids which on addition of water yielded yellow preci-
pitate in each case. The precipitate was filtered, washed 
with water and dried. Homogeneity of the pigments was 
again checked by TLC using seven solvent systems already 
listed. The components were labelled as WZ^, WZ2, WZ^, 
WZ4 and WZ^. 
AMENTOffLAVONE ( WZ-j^  ) . 
Crystallized as yellow needles (100 mg) from CHCl^-MeOH, 
m.p.>300°, Rp 0.173, >?max 272 nm, 230 nm; Mol.wt. 538 (M+). 
AMENTOFLAVONE HEXAACETATE: 
A mixture of WZ1 (60 mg), pyridine ( 1 ml) and 
acetic anhydride ( 1 ml ) was heated on a water bath for 
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2 hr, cooled and poured onto crushed ice. A white 
solid was obtained which crystallized from CHCl^-EtOH 
in the form of colourless needles ( 35 mg ), m.p.23^, 
Mol.wt.790 (M+). NMRTppm: 7.97 (3H,0Ac-4'); 7.86 
( 3H,0Ac-4"•); 7.55 ( 3H, OAc-5); 7.48 ( 3H,0Ac-5"); 
7.78 ( 3H,OAC-7) and 7.89 ( 3H, OAc-7"). 
AMENTOFLAVONE HEXAMETHYL ETHER( WZ6 )i 
A mixture of WZ^ ( 40 mg ), potassium carbonate ( 1 g ) 
and methyl iodide ( 1.5 ml ) in dry acetone ( 150 ml ) 
was refluxed for 10 hr. The reaction mixture, by usual 
work up gave a light yellow solid which was purified by 
preparative thin layer chromatography. A white homogeneous 
product was obtained which crystallized from CHCl^-MeOH 
as colourless needles ( 20 mg ), m.p. 225°, Hp 0.40, 
Mol.wt. 622 (M+). 
Complete methylation of WZ2a, WZ2b, WZ^, and WZ^ 
was also accomplished separately by the same procedure as 
described above. The product obtained in each case was 
characterized as amentoflavone hexamethyl ether by its 
identical chromatographic and spectral behaviour with 
that of an authentic sample. 
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I R : 
KBr 3082, 3000, 294-5, 2852, 1648, 1600, 1572, 1505, 
m a x 1495, 1460, 1420, 1385, 1338, 1298, 1254, 1213, 
1175, H56, 1115, 1066, 1057, 1026, 980, 952,932, 
911, 832, 822, 807, 722. 
NMRTppm: 
6.25 ( 6H,0Me-4',7 ); 6.41 ( 3H, OMe-4"'); 6.13 
( 3H, OMe-5 ); 5.94 ( 3H, OMe-5" ); 6.18 ( 3H,OMe-7" ). 
WZ2 : 
WZ2 ( 230 mg ) was separated into two components 
WZ2a and WZ^ by CCD between ethyl methyl ketone ( 10 ml, 
equilibrated) and borate buffer ( Clark-Lubs, pH 9.8,10 ml). 
After 75 transfers the following two fractions were 
collected and acidified with hydrochloric acid. Each 
fraction on recovery of ethyl methyl ketone gave a pale 
yellow precipitate. 
4'-O-Methyl amentoflavone ( WZ2&, tubes 4-13 ) 
Crystallized as yellow aggregates of needles 
( 95 mg ) from pyridine-MeOH, m.p. >300°, RF 0.37, 
>fmax 275 nm, 332 nm; Mol.wt. 552 ( M+). 
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4" ' .5.5" .7.7"-Pentaacetoxy-4 '-0-meth.yl amentoflavone : 
A mixture of biflavone ( 60 ig ), acetic anhydride 
( 1 ml ) and pyridine ( 1 ml ) was heated on a water bath 
for 2 hr to give an acetate which slowly crystallized 
from CHClj-EtOH as colourless needles ( 50 mg ), m.p.185-84°, 
Mol.wt. 762 (M+). NMR T ppm: 6.28 ( 3H, OMe-4'); 7.87 
( 3H, 0AC-4" '); 7.54 ( 3H, OAc-5 ); 7.4-7 ( 3H, 0Ac-5")i 
7.78 ( 3H, 0Ac-7 ); 7.91 ( 3H, OAc-7"). 
7-0-Methyl amentoflavone ( WZ2b, tubes 41-49 )t 
Crystallized as light yellow needles ( 70 mg ) from 
pyridine-MeOH,m.p. 300 , Rp 0.37, > max 272 nm, 335 nm; 
Mol.wt. 552 (M+). 
4l,4"',5,5",7,<-Pentaacetoxy-7-Q-fflethyl amentoflavone : 
WZ2b ( 40 mg ) was acetylated with pyridine ( 1 ml ) 
and acetic anhydride ( 1 ml ). The acetate crystallized 
from CHClj-E'tOH as colourless needles ( 30 mg ), m.p. 245°, 
Mol.wt. 762 (M+). NMRTppm: 6.28 ( 3H,0Me-7); 7.96 
( 3H, OAc-4')j 7.87 ( 3H, OAc-4"'); 7.5^ ( 3H, 0Ac-5)J 
7.49 ( 3H, OAc-5"); 7.90 ( 3H, OAc-7"). 
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4•,7-Di-O-methyl amentoflavone. ( WZ, ); 
Crystallized as yellow flakes (110 mg ) from prydine-
MeOH, m.p.>300°, Rp 0.54, /max 275 nm, 335 nm; Mol.wt.566(M+), 
',5,5",7"-Tetraacetoxy-4'-7-di-O-methyl amentoflavones 
A mixture of WZ^ ( 75 mg ), acetic anhydride ( 1 ml ) 
and pyridine ( 1 ml ) when heated on a water bath for 
2 hr gave an acetate which crystallized from CHCl^-EtOH 
as colourless needles ( 60 mg ), m.p. 256°, Mol.wt. 734 (M+). 
NMRTppm: 6.2? ( 6H.0Me-4«,7); 7.87 ( 3H, OAc-41")} 
7.50 ( 6H, OAC-5,5"); 7.91 ( 3H, 0Ac-7n). 
41,4" ', 7-Tri-O-methyl amentof lavone ( WZ^ ). 
Crystallized as yellow clusters of fine needles (120 mg) 
o Et0H 
from pyridine-MeOH, m.p. 295 , Rp 0.61,X max 276 nm, 335 nm; 
Mol.wt. 580 (M+). 
5.5"«7"-Triacetoxy-4'.4"'.7-tri-0-methyl amentoflavonet 
Acetylation of WZ^ ( 75 mg ) with acetic anhydride ( 1 ml ) 
and pyridine ( 1 ml ) yielded a white solid which slowly 
crystallized from CHClj-EtOH as colourless needles ( 55 mg ), 
m.p. 266-67°, Mol.wt. 706 (M+). NMRTppm: 6.26 ( 3H,0Me-4'); ' 
6.43 ( 3H, OMe-4"1); 6.28 ( 3H,OMe-7 ); 7-52 ( 3H,0Ac-5); 
7.50 ( 3H, OAc-5" ); 7.91 ( 3H, OAc-7"). 
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4''.7.7"-Tetra-0-methyl amentoflavone, (WZ^ ): 
Crystallized as light yellow flakes ( 90 mg ) from 
ETOH 
pyridine-MeOH, m.p. 273°, 0.76,>max 276 nm, 333 nm; 
Mol.wt.594 (M+). 
5«5"-Diacetoxy-4' .4" ' .7.7"-tetra-0-methyl amentoflavone.' 
A mixture of WZ^ ( 55 mg ) acetic anhydride ( 1 tnl ) 
and pyridine ( 1 ml ) when heated on a water bath for 2 hr 
gave an acetate which crystallized from CHCl^-MeOH as 
fine colourless needles ( 35 mg ), m.p. 223-25°, Mol. 
wt. 678 (M+). NMRTppm: 6.28 ( 6H, OMe-4',7); 6.41 
( 3H, OMe-4'"); 6.24 ( 3H, OMe-7"); 7-51 ($H, OAc-5); 
7.43 ( 3H, OAc-5"). 
EXTRACTION OF BIFLAVONES FROM LEAVES OF PODOCARPUS 
GRACILIOR PILGER: 
Dried and powdered leaves of Podocarpus gracilior 
( 2.5 kg ) were completely exhausted with petrolem 
ether ( 40-60° ). The petrol treated leaves were com-
pletely dried and exhausted with boiling acetone till 
the extract was almost colourless. The combined acetone 
extracts were concentrated first at atmospheric pressure 
and then under reduced pressure to give a dark viscous 
mass. This was refluxed successively with petroleum 
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ether ( 40-60°), benzene and chloroform till the solvent 
in each case was almost colourless. The residue left 
behind was then treated with boiling water. The insoluble 
mass was dissolved in alcohol and dried under diminished 
pressure. A solid green residue ( 6 g ) thus obtained 
responded to usual colour tests for flavonoids. 
PURIFICATION OF BIFLAVONE MIXTURE-COLUMN CHROMATOGRAPHY.' 
The crude mixture of biflavones ( 3*5 6 ) was 
dissolved in dry acetone ( 50 ml ) and was added to a 
column ( 150 cm long and 50 mm in diameter) containing 
magnesium silicate ( Woelm; 120 g ) as adsorbent in pet-
roleum ether. After development of the column,it was 
eluted with organic solvents in the increasing order of 
polarity. The results are given in below in table XXVI. 
T A B L E - XXVI 
Solvent Nature of the product 
1. Petroleum ether ( 40-60°) 
2. Benzene 
3. Chloroform 
4. Ethyl acetate 
5. Acetone 
6. Ethyl acetate (saturated with 
water) 
green oily product 
green gummy mass 
green oily product 
yellow solid ( 1 g ) 
— d o — (100 mg ) 
— d o — ( 1 g ) 
7. Ethyl alcohol brown waxy product 
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The fractions obtained with ethyl acetate, acetone 
and ethyl acetate ( saturated with water) gave usual 
colour tests for flavonoids. 
SEPARATION OF BIFLAVONES-THIN LATER CHROMATOGRAPHY: 
The three fractions obtained with ethyl acetate, 
acetone and ethyl acetate ( saturated with water ) were 
combined. The biflavone mixture was dissolved in dry 
pyridine ( 50 ml ) and separated into four biflavone 
pigments ( WPG1, WPG2, WPG^ and WPG^) by preparative 
thin layer chromatography ( silica gel; I\ICL-Poona). The 
homogeneity of the pigments was again checked by TLC. 
AMENTOFLAVONE ( WPGX )I 
Crystallized as yellow needles ( 550 mg ) from 
pyridine-MeOH, m.p. >300°, Rj, 0.173, W " 0 + 9, 
EtOH , D 
Xmax 270 nm, 330 nm; Mol.wt. 538 (M"1"). 
I R : 
KBr 3027, 1648, 1604, 1568, 1499, 1425, 1358, 1285, 
max 116Q^ 1107^ 1 0 2 7 j 9 9 6 ^ 9 8 4 > 
940, 910, 855, 767, 752, 755. 
AMENTOFLAVONE HEXAACETATE.' 
WPG, ( 100 mg ) was acetylated with pyridine (1.5 ml ) 
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and acetic anhydride ( 1.5 ml ). The acetate crysta-
llized from CHCl.,-EtOH in the form of colourless needles. 
0 
( 72 mg ), m.p. 230-231°, Mol.wt. 790 ( M+). NMRTppm: 
8.0 ( 3H, OAc-4'); 7.99 ( 3H, OAc-4"'); 7.59 ( 3H, OAc-5); 
7 . 5 1 ( 3H, OAC-5"); 7.80 (3H, 0Ac-7); 7,91 ( 3K, OAc-7"). 
AMENTOELAVQNE HEXAMETHYL ETHER ( WPGC )*. 5 
WPG^ ( 100 mg ) was methylated with methyl iodide 
(2.5 ml) and potassium carbonate ( 2 g ) in acetone (200 ml). 
The methyl ether was purified by preparative thin layer 
chromatography ( silica gel; E.Merck ). A white homogeneous 
product was obtained which crystallized from GHCl^-MeOH 
as colourless needles ( 55 mg ), m.p. 210-212°, Rp 0.40, 
Mol.wt. 622 (M+). 
Complete methylation of WPG2, WPG^ and WPG^ was 
also accomplished separately. The product obtained in 
each case was characterized as amentoflavone hexamethyl 
ether by its identical chromatographic and spectral 
behaviour with that of an authentic sample. 
i r : 
KBr 3082, 3000, 2945,2852,1648, 1600,1572,1505,1495 
m a x 1460,1420, 1385,1338,1298,1254, 1213,1175,1156, 
1115,1066,1057,1026,980, 952, 932,832,822,807,722. 
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NMR T PPM: 
6.25 ( 6H, OMe-4',7 ); 6.41 ( 3H, OMe-4"'), 6.13 
( 3H, OMe-5 ); 5.95 ( 3H, OMe-5" ); 6.18 ( 3H, OMe-7" ). 
4" 1 -0-Meth.y 1 amentof lavone ( WPC- )I 
Crystallized from pyridine-MeOH as yellow aggregates 
of needles ( 320 mg ), m.p. 266-68° ( with softening 
at 225-230°), B- 0.37, [oC]40 - 6, X^max 270 nm, 335 nm; j) j) 
Mol.wt.552 (M+). 
I R : 
KBr 3030, 1650, 1603, 1554, 1496, 1425, 1351, 1285, 
m a x 1260, 1235, 1175, 1157, 1107, 1046, 1026, 987, 
982, 943, 909, 831, 768, 748, 735. 
4' ,5,5" ,7,7"-Pentaacetoxy-4" '-0-methyl amentof lavone 
WPG^ ( 100 mg ) was acetylated with pyridine 
( 1.5 ml ) and acetic anhydride ( 1.5 ml ). The acetate 
crystallized from CHCl^-EtOH as colourless needles (60 mg) 
m.p. 253-54°, Mol.wt. 762 (M+). NMR ppm: 6.47 (3H,0Me-4" 
8.0 ( 3H, OAc-4'); 7.59 ( 3H, OAc-5 )} 7.50 ( 3H, OAc-5" ) 
7.80 ( 3H, OAc-7 ); 7.88 ( 3H, OAC-7"). 
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FRACTION III ; 
Fraction III ( 435 mg ) was subjected to counter 
current distribution (CCD) ( 75 transfers ) between 
ethyl methyl ketone and borate buffer ( 9.8 pH ). 
4' .4" 1 -Di-0-meth.y 1 amentoflavone ( WPG^, tubes 51-62 ).' 
Crystallized from pyridine-MeOH as light yellow 
needles ( 315 mg ), m.p. 260-62° ( with softening at 
o^  r /> t40 .EtOH 215-20°), Hj, 0.54, [<£J + 0, Xmax 275 hm, 335 nm; 
D 
Mol.wt. 566 ( M+). 
I R: 
\)KBr 3030, 1648, 1602, 1568, 1498, 1435, 1372, 1345, 
m a x 1282, 1256, 1242, 1210, 1176, 1160, 1126, 1109, 
1054, 1026, 983, 937, 907, 832, 797, 765, 735. 
5,5",7,7"-Tetraacetoxy-4' ,4>l t-di-0-methyl amentoflavone.' 
A mixture of WPG^ ( 100 mg ) pyridine ( 1.5 ml ) 
and acetic anhydride ( 1.5 ml ) when heated on a water 
bath for 2 hr yielded an acetate which crystallized from 
CHCl^-EtOH as colourless needles ( 65 mg ), m.p. 258-40°, 
Mol.wt. 734 ( M+). NMR T ppm: 6.27 ( 3H, OMe-4'); 6.42 
( 3H, OMe-4"'); 7.56 ( 3H, OAc-5 ); 7.50 ( 3H, OAc-5"); 
7.78 ( 3H, OAc-7 ); 7.90 ( 3H, OAc-7"). 
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4',4'" ,7"-Tri-0-methyl amentof lavone ( WPG. ).* 
Crystallized from pyridine-MeOH as yellow flakes 
( 175 mg ), m.p. >300°, 0.61, [c^]40 + 0, >fmax. 276 nm, 
D 
335 nm; Mol.wt. 580 ( M+). 
i R : 
|KBr 3019, 1664, 1622, 1598, 1548, 1536, 1492, 1454, 
max 1 2 7 8 ? 1262^ 
1212, 1174, 1157, 1125, 1107, 1057, 1025, 992, 
962, 937, 925, 837, 810, 792, 762, 732. 
5,5" ,7-Triaacetoxy-41 ,4" ' ^ "-tri-O-methyl amentof lavone 
WPG^ ( 90 mg ) on acetylation with pyridine ( 1.5 ml ) 
and acetic anhydride ( 1.5 ml ) gave a white solid which 
crystallized from CHCl^-EtOH as fine colourless needles 
(55 mg ), m.p. 190-91°, Mol.wt. 706 ( M+). NMR T ppm: 
6.30 ( 3H, OMe-4'); 6.42 ( 3H, OMe-4"'); 6.24 ( 3H, OMe-7"); 
7.57 ( 3H, OAc-5 ); 7.46 ( 3H, OAc-5"); 7.79 ( 3H, OAc-7). 
4 
EXTRACTION OP BIFLAVONES FROM LEAVES OP PODOCARPUS 
LATIFOLIUS: 
Air dried and powdered leaves ( 1.5 kg ) were 
extracted with different solvents as described earlier. 
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The green viscous residue ( 2.5 g ) obtained after 
solvent treatment 'was subjected to column chromatography 
(magnesium silicate, Woelm) and eluted with solvents 
in the increasing order of polarity. The yellow solid 
mixture of biflavones ( 1.5 g ) so obtained was separated 
into four pure fractions by preparative thin layer chro-
matography (silica gel; NCL-Poona). The fractions were 
labelled as WPI^, WPL2, WPL^ and WPL^. 
AMENTOFLAVONE ( WPL.^: 
Crystallized from pyridine-MeOH as light yellow 
clusters of needles ( 120 mg ), m.p.>300°, Rj, 0*173, 
v EtOH . A max 272 nm, 330 nm; Mol.wt. ( M ). 
AMENTOFLAVONE HEXAACETATE1 
WPL-^  ( 60 mg ) was acetylated with pyridine ( 1 ml ) 
and acetic anhydride ( 1 ml ). The acetate crystallized 
from CHClj-EtOH as colourless needles ( 35 mg ), m.p.235°, 
Mol.wt. 790 ( M+). NMR T ppm: 8.0 ( 3H, OAc-4'); 7 .99 
( 3H, OAC-4'"); 7 .59 ( 3H, 0Ac-5 ) ; 7-51 ( 3H, OAc-5"); 
7.80 ( 3H, .OAC-7 ) ; 7 .91 ( 3H, OAc-7"). 
AMENTOFLAVONE HEXAMETHYL ETHER ( WPLC ): 5 
A mixture of WPL,( 50 mg ), potassium carbonate (1.5 g) 
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and methyl iodide ( 1.5 ml ) in dry acetone ( 150 ml ) was 
refluxed for 12 hr. After the usual work up a light 
yellow solid was obtained. It was purified.by preparative 
thin layer chromatography ( silica gel G; E.Merck). A 
homogeneous white solid was obtained which slowly crys-
tallized from CHCl-j-MeOH in the form of fine colourless 3 
needles ( 25 mg ), m.p. 212°, RF 0.4-0, Mol.wt. 622 ( M+). 
Complete methylation of WPLg, WPLj and was 
also accomplished separately. The product obtained in 
each case was characterized as amentoflavone hexamethyl 
ether by its identical chromatographic and spectral beha-
viour with that of an authentic sample. 
i R: 
iKBr J082, 3000, 294-5, 2852, 164-8, 1600, 1572, 1505, 
max 1 4 2 0 ) 1 5 3 8 ) 1 2 9 8 ) 1 2 5 4 > 1 2 1 5 > 
1175, 1156, 1115, 1066, 1057, 1026, 980, 952, 932, 
911, 832, 807, 722. 
NMR T ppm; 
6.25 ( 6H, OMe-4-1,7 ); 6.4-1 ( 3H, OMe-4-"'); 6.13 
( 3H, OMe-5 ); 5.94 ( 3H, OMe-5"); 6.18 ( 3H, OMe-7"). 
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4'-O-Methyl amentoflavone ( WPI^)! 
Crystallized from pyridine-MeOH as yellow flakes 
( 125 mg ), m.p.>300°, RF 0.37,>fmax 272 nm, 329 nm; 
Mol.wt. 552 ( M+). 
4"',5»5",7,7"-Pentaacetoxy-4*-0-methyl amentoflavoneI 
A mixture of WPL2 ( 70 mg ), pyridine ( 1 ml ) and 
acetic anhydride ( 1 ml ) was heated on water bath for 
2 hr. The acetate crystallized from CHCl^-EtOH as fine 
colourless needles ( 40 mg ), in.p. 183-85°, Mol.wt. 762 (M+). 
NMRTppm: 6.28 ( 3H, OMe-41); 7.87 ( 3H, OAc-4"f); 7.54 
( 3H, OAC-5 ); 7.47 ( 3H, OAc-5"); 7.78 ( 3H, OAc-7 ); 
7.91 ( 3H, OAc-7"). 
4',4"'-Di-O-methyl amentoflavone ( WPL^K 
Crystallized from pyridine-MeOH as clusters of fine 
yellow needles ( 115 mg ), m.p. 265° (with softening at 
215-20°), Rf 0.54,Xemax 272 nm, 328 nm; Mol.wt.566 (M+). 
^^''^^''-^gtraacetoxy-^' ,4" '-di-O-methyl amentoflavone: 
WPL^ ( 60 mg ) on acetylation with pyridine ( 1 ml ) 
and acetic anhydride ( 1 ml ) gave a white solid which 
crystallized from CHCl,-EtOH as colourless needles (35 mg), 
- 1 4 6 - -
m.p.241°, Mol.wt. 734 (M+). NMRTppm: 6.27 ( 3H, OMe-4'); 
6.42 ( 3H, OMe-4*"); 7.56 ( 3H, OAc-5 ); 7.50 ( 3H, OAc-5"); 
7.78 ( 3H, OAc-7 ); 7.90 ( 3H, OAc-7"). 
4' ,4" 1,7"-Tri-0-methyl amentof lavone ( WPL^ )*. 
Crystallized from pyridine-MeOH as yellow flakes 
( 120 mg ), m.p. >300°, Rp 0.61, ^ max 278 nm, 335 nm; 
Mol.wt. 580 (M+). 
5,5",7-Triacetoxy-4',4"',7"-tri-0-methyl amentoflavoneI 
WPL^ ( 70 mg ) was acetylated with pyridine ( 1 ml ) 
and acetic anhydride ( 1 ml ). The acetate crystallized 
from CHClj-MeOH as fine colourless needles ( 40 mg ), 
m.p. 189-90°, Mol.wt. 706 ( M+). NMR T ppm: 6.30 (3H,OMe-4'); 
6.42 (3H, OMe-4"'); 6.24 ( 3H, OMe-7"); 7.57 (3H, OAc-5 ); 
7.46 ( 3H, OAC-5"); 7.79 ( 3H, OAc-7 ). 
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S U M M A R Y 
Recently a number of optically activ.e ,\ful^Faj^?natic 
biphenyl type biflavonyls have been isolated1 nature,! 
sources. The optical activity has been attribofbed .to,' 
Exte M *atropisomerism'. 
and racemization 
both under drasti 
been carried out 
ive studies on the isom^rization 
f these optically active biflavonyls w * 
fcl<|^|emethylation conditions have 
are d'escribed in part I of the thesis. 
(+) CupressuiBavon^ hexamethyl ether under the 
conditions of Wes®ly-Moser rearrangement underwent iso-
merization and racemization to (+) agathisflavone. The i — 
reaction mixture was also found to contain a sizeable 
amount of unisomerized but racemized cupressuflavone. 
(+) Agathisflavone hexamethyl ether on similar treatment 
gave (+) agathisflavone (major) and (+) cupressuflavone 
(minor). Bio trace of theoretically possible C6-C6" linked 
biflavone could detected in either case. The structures 
of both isomerizeOas well as unisomerized compounds were 
elucidated by Hl-ilOstudies including double irradiation 
technique. The moc?e of' interflavonyl linkage in each case 
was established by solvent induced shifts of methoxy 
resonances. 
Demethylation of (+) cupressuflavone and (+) agathis-
flavone hexamethyl ethers under 
eight components in each case..t^ir 
WH1, WH2 and WH3 obtained' in tWfihfa 
(+) cupressuf lavone hexameth^ ethe 
as 7,7"-di-0-methyl-,4,,7,'2£ 
7,7u-tetra~0-methyl cupre 
chromatographic, NMR and^ jnsT 
d conditions gave 
or components, 
demethylation of 
ire're characterized 
e£hyl-, and 4',4"», 
espectively by 
kl studies. Tri-O-methyl 
- 2 - -
cupressuflavone has been reported for the first time* The 
isomerization and racemization during demethylation under 
controlled conditions is noteworthy. 
The discrepancy in melting points of the products 
obtained by Wessely-Moser rearrangement and the authentic 
samples may be due to loss of optical activity in the former 
during the rearrangement. 
A- mechanism based on the intermediacy of tetraketone 
during observed isomerization-r^cemization has- beenpostulated. 
The isomerization from C8-C8" to C6-C8" isomer and vice versa, 
under controlled conditions proceeds with equal ease 
whereas under drastic conditions the C6-C8" isomer is more 
favoured one". t It appears that under mild conditions the 
reaction is kinetically controlled whereas under drastic 
conditions it is thermodynamically controlled. 
In part II of the thesis is described the isolation 
of a number of biflavones belonging to amentoflavone series 
from three gymnosperms. The leaf extracts on solvent 
fractionation, column chromatography followed by preparative 
thin-layer chromatography gave homogeneous components. 
The structure of each compound has bden elucidated by 
UV, IR, NMR and mass spectral studies. Chemotaxonomic 
significance of biflavones in gymnosperms is indicated. 
The biflavones obtained from each source are detailed below:-
Podocarpus gracilior : 
1. Amentoflavone 
2. Podocarpusflavone A 
3. Isoginkgetin 
Kayaflavone 
- 3 - -
The two components, amentoflavone and podocarpusflavone A 
were found to be optically active. The methylation of 
biflavone nucleus seems to proceed in the order 4-"'-7". 
Podocarpus latifolius : 
1. Amentoflavone 
2. Bilobtin 
3. Isoginkgetin 
4. Kayaflavone 
The methylation of biflavone nucleus seems to 
proceed in the order 41-4",-7'l 
Zamia angustifolia : 
1. Amentoflavone 
2. Bilobtin 
3. Sequoiaflavone 
4. Ginkgetin 
5. Sciadopitysin 
6. 4',4"',7,7"-Tetra-0-methyl amentoflavone 
The methylation of biflavone nucleus in this case 
proceeds in the order 4'(7)-7(4*)-4",-7". The source 
constitutes the first example where members of the same 
series right from the parent compound to tetramethyl &ther 
occur together. 
* * * * * * * * * 
